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abstract op thesis 
/ + \In Part I, the resolution of (_)~2,3-Benzcycloheptanol is 
described, and the tendency of the hydrogen phthalate of this carbinol 
to undergo hydrolysis by an alkyl-oxygen fission mechanism is established, 
The ease with which this alkyl-oxygen fission occurred was found, to be 
intermediate between that observed with the carbinols 1-phenylethanol 
and 1,2,3,4-tetrahydro~l~naphthol. This was in harmony with the 
published ethanolysis rates of the chlorides corresponding to these 
three carbinols, and the possible reasons for this behaviour are 
discussed.
In Part II, various aspects of the partial asymmetric syntheses 
resulting when optically active olefinic carbinols are brominated or 
hydrogenated are considered.
An apparent exception to the general pattern of behaviour was the 
bromination of 1-phenylallyl alcohol. A re-examination of this reaction 
suggested that there was no anomaly, and the conflicting results are 
discussed.
The hydrogenation of 3-raethylpent-3-en-2-ol to 3-methylpentan-2-ols 
of known absolute configuration is discussed and the existing:theory for 
the dissymmetric nature of this catalytic hydrogenation is discussed. A 
modification to this theory is proposed and supporting evidence is 
presented.
As an extension to the well established dissymmetric additions to 
OC,p-unsaturated asymmetric carbinols, a study of the reactions of some
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j3j y-analogues was attempted.. These were all unsuccessful. 
l-(4f-Methoxy-l!-naphthyl)but-3-en-l-ol gave an unstable dibromo- 
derivative. 2-Methylpent-l-en-4-ol gave an unstable dibromo-lcetone and 
trans-4-Methylhex-4--en-2-rol could, not be prepared with sufficient 
purity for hydrogenation experiments. ~
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PKEFACE
The work described in this thesis is divided into two 
parts. In the first part* the preparation and resolution of
2,3-Benzcycloheptanol is described, and the tendency of its 
hydrogen phthalate to react by means of an alkyl-oaygen fission 
mechanism is established and discussed.
In the second part, the hydrogenation and bromination of 
various olefinic asymmetric carbinols in which new centres of 
asymmetry are formed is described and discussed.
-6-
CONTENTS
Title of Thesis 
Abstract
Acknowledgements 
Preface 
PART I
HISTORICAL INTRODUCTION
0 0 0 0 0 •  •  •  0 0 0 0 0 *  # 0 0
0 0 0 0 0 0 0 0 0 • # «  0 0 * 0 0 0
00  * 0 0 0  0 » 0  00  0 0 0 0
0 0 0  0 0 0  0 0 0  0 0 0  0 0 #  0 0 0  0 0 0  0 0 0
00  0 0 0  « 0 0  0 0 0
REACTION SCHEME AND DISCUSSION OP RESULTS
PART II
HISTORICAL INTRODUCTION
REACTION SCHEMES
0 0 0 0 0 0
Ao 1-Phenylallyl Alcohol
B . 3-Methylpent-3-en-2-ol
C. The (HO)C-C-C=C system
1) l-(4’-Methoxy-l’-naphthyl)but-3-en-l-ol
2) 2-Methylpent-l-en-4-ol
3) Trans-4-Methylhex-4-Gn-2-ol 
DISCUSSION
0 0 0 0 0 0 0
0 0 0 0 0 0
# 0 0  0 0 0  0 0 #  0 0
0 0 0 0
0 0 0 0 0
00 0 0 0  0 0 0Ao l-Phenylallyl Alcohol ...
B, 3-Methylpent-3-en-2-ol    • • * . «•
Co The (HO)C—C—C=C system ... 0 0 0  0 0 0 00
Page No 
... 1
2
•. • 4
• • • 5
10
19
23
.. • 40
• • • 42
... 45
... 45
... 47
... 90
... 56
... 59
71
-7-
Page No.
THE EXPERIMENTAL SECTION
THE RESOLUTION OP 2,3-BENZCYCLQHEPTANOL ....................  74
Preparation of Cinnamylidenemalonic A c i d    ... ... 74
Preparation ofy-Phenylpropylmalonic Acid   ... 74
Preparation of 6 -Phenylvaleric Acid ... ...... ............... 75
Preparation of 2,3-Benzcycloheptanone   ... ... 76
Preparation of (i)-2,3-Benzcycloheptanol   ••• • •• 77
Preparation of (-)~2,3-Benzcycloheptyl Hydrogen Phthalate ... 78
Preparation of (-)-2s3-Benzcycloheptyl Hydrogen Phthalate ... 79
Preparation of (+)-293-Benzcycloheptyl Hydrogen Phthalate ... 81
Solvolysis of (-*)~293-Benzcyclohcptyl Hydrogen Phthalate ... 82
Alcoholysis of (+)-293-Benzcyclohcptyl Hydrogen Phthalate ... 83
Attempted preparation of 2,3-Benzcycloheptyl p-Tolyl Sulphono 84
Action of Formic Acid on (+)-Benzcycloheptyl Hydrogen Phthalate 85
Non-action of Acetic Acid on (i)-2,3-Benzcycloheptyl 
nydrogen Phthalate ... ... ... ... ... ... ... 86
Optical Stability of (-)-2,3-Benzcyclohoptyl Hydrogen
Phthalate in Acetic Acid Solution ...    ... ... 87
ATTEMPTED ASYMMETRIC SYNTHESIS WITH l-(4T-MBTH0XY-1!-NAPHTHYL)~ 
BUT-3-M-1-0L ... ... ... ... ... ... ... * ... 88
Preparation of l-Methoxynaphth-4-aldchyde    .... 88
Preparation of l-(4T-Methoxy~l’-naphthyl)but-3~en-l~ol ... 89
Preparation of l-(4’-Hethoxy-l,-naphthyl)but-3-en-l-yl-
Hydrogon Phthalate ... ... ... ... ... ... ... 90
-8-
Page No,-
Attempts to prepare 1~(4Mlethoxy-1f-naphthyl)-3,4~
dibromobutan-l-ol ... ... ... ... i.. ...    90
ATTEMPTED ASYMMETRIC SYHTKESI5 WITH 2-l.SETHYLPEie-l-M-4-0L ... 92
The optical stability of 2-Methylpent-l~en-4-ol ... ... ..• 92
Preparation of (+)-l52-Dibromo-2-mothylpent-l~en~4~ol ........  92
Oxidation of (+)-l,2-Dibrorao-2-methylpentan-4--ol ... ... 93
ASIMMTOIC SYHTHBSIS WITH 1 -PEM'TYLALLYL ALCOHOL ... ... .93
Preparation of 1-Phenylallyl Alcohol .............. ... 93
Preparation of 1-Phenylallyl Hydrogen Phthalate   ...........   94
Preparation of (+)-l-Phenylallyl Hydrogen Phthalate ... ... 95
Preparation of (-)-l-Phenylallyl Hydrogen Phthalate ... ... 96
Preparation of (-)-l-Phenylallyl Alcohol ... ... .... ... 96
Hydrolysis of (-)-l-Phenylallyl Hydrogen Phthalate ..... ! ... 97
Bromination of (-)-1-Phenylallyl Alcohol ... ... ... 97
Oxidation of the diastereoi3omeric mixture of 2*3-Dibromo-l- 
phenylpropan-l-ols ... ... ... .... .... .... ••• 9®
Attempted preparation of 1-Phenylallyl p-Tolyi Sulphone ... 99
Preparation of Cinnamyl p-Tolyl Sulphone ... .... .... ... 100
ATTEMPTED DISSYMMETRIC HYDROGENATION OF TBAHS-4-METHYLHEX - .
4 —EH—2-OL ... ... ... ... ... ... ... ... ... 101
Preparation of 3-Methylpentan-4-ol~2-one   ... ... 101
Preparation of Trans-3-Methylpent-3-en-2-one....................   102
Haloform degradation, of Trans-3-Methylpent-3-en-2-one ... ... 103
-9-
Page Ho.
Preparation of 394“BiL£6mo-3-mQthylpentan-2-ono ... « • « 103
Preparation of MethyF trans-3-fnethylpent-3-enoate ... • * Q 104
Preparation of Trans~3~Methylpent~3~enoic Acid 0 • 0 107
Preparation of Trans-3-Methylpent-3--enoyl Chloride 9 0 0 108
Attempts to prepare Trans-4~Methylhex~4-en~2--one 9 0 0 109
Further attempt to prepare Trans~4~Mcthylhex-4-en--2~one • 00 112
Attempted preparation of Trans^-Methylhex-^-en^-ol O 0 • 112
DISSYIOSETRIC HYDROGENATION OF TPAJTS--3-FiEn?HYLPMT-3-M-2~OL 113
Preparation of Trans-3-Methylpent~-3-en-2~ol ........ 0 0 0 113
Fractional distillation of impure Trans-3-Mothylpent-3~on~2-ol 116
Hydrogenation of Trans-3-MGthylpent-3-on-2-ol ........ 0 0 0 118
Preparation of 3-Methylpentan-2-ono ............. . • 0 9 119
BIBLIOGRAPHY ..............  ............... O • 0 120
-10-
PART I
HISTORICAL INTRODUCTION.
Substitution reactions involving carboxylic esters and nuc^eophilic 
reagents have been shown to be of two types (42).
1. Substitution at the acyl carbon atom by a process resulting in 
acyl-oxygen heterolysiss
^  0 0
. r *  n
Y C —  O R —  r-~ C + OR
I I
R' R'
2 . Substitution at the alkyl carbon atom by an alkyl-oxygen 
heterolysis process§
0 0
R ’ R 1
In general, the process occurring can be ascertained by the nature 
of the products. For example, an ester reacting with ammonia would 
yield a mixture of an amine and a carboxylate salt if alkyl-oxygen 
heterolysis prevailed, but a mixture of an amide and an alcohol if 
the reaction was by way of acyl-oxygen heterolysis.
In the hydrolysis of carboxylic esters, the products of the 
reaction are not diagnostic of the process involved, because both 
processes yield a mixture of carboxylic acid and alcohol5 the mode of 
reaction in these cases needs to be determined by other means.
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Acyl-oxygen heterolysis is the most commonly occurring mechanism 
in the reactions of carboxylic esters. In fact, it was believed in 1912 
(43) that carboxylic esters maintained the alkyl-oxygen bond intact in 
all their reactions (although evidence was only available for the 
reactions such as ammonolysis where the products were diagnostic), Even 
in 1928 when Burton and Ingold (44) recognised the possible alternative 
of alkyl-oxygen bond fission, no evidence was available that it actually 
occurred.
Direct evidence that hydrolysis of carboxylic esters involved 
acyl-oxygen fission was first provided in 1934 by Polanyi and Szabo (45) 
who showed that the basic hydrolysis of pentyl acetate in water enriched 
with the oxygen-18 isotope yielded pentyl alcohol of normal isotopic 
constitution, i.e.,
S0H ----> Me.C0.l80H +
Further evidence was available in 1913 from the work of ICenyon 
and his co-workers on the resolution of many saturated secondary alcohols. 
These optically active alcohols obtained by the alkaline hydrolysis of 
their hydrogen phthalates could be re~esterified to give the hydrogen 
phthalates with sign and magnitude of rotation unchanged. To understand 
the import of this it is helpful to consider in more detail the possible 
heterolysis reaction mechanisms involved which ares-
Me.CO- oc5Hn + H
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0 0 0 0 Unimolecular
lira . II. _  II. ■ II
C — OB C + OR | T C Y— C acyl-oxygen.
I I  I !
R' R R' R'
q q 0 Bimolecular
' ?  c P o R — ± T .. C OH — Y--C + “OR acyl-oxygen.
I I '  1
R 1 R R !
0 0 Uniraolecul&r
ij ^  sl0WH .f* .fast i
C —  rT~ t?+ ! v t? -— ^  Y-R
i
R* R
C—- 0 — R —  C —  0 + R ? Y R ^ --  x~* alkyl-oxygen.
t i
0 0 0 Bimolecular
^  u _  8’  ii -  ! i
Y R — 0 —  C Y ... R... 0 —  C —  Y —~ R + 0 — C alkyl-oxygen.
! i I
R ’ R ’ R
Using the prefix A to indicate reactions occurring under acidic 
conditions, and B for those under neutral or basic conditions, the 
bimolecular acyl-oxygen heterolysis under alkaline conditions would 
be signified by the symbol BAri2.
iw
Returning now to the retention of full activity of the carbinols 
in the above hydrolyses of hydrogen phthalates, unimolecular alkyl- 
oxygen heterolysis was ruled out because it would involve the formation 
of intermediate free carbonium ions which would lead to racemisation,
Both unimolecular reactions were in fact ruled out because the alkaline 
hydrolysis of these esters was known to be of the second order. The 
mechanism would of course result in the retention of optical 
activity observed because none of the bonds associated with the asymmetric
-13-
carbon atond is involved. The 8^2 mechanism could also give overall
retention of activity by successive complete configurational inversions
during hydrolysis and re-esterification. However, this is an unlikely
reaction with such simple secondary aliphatic esters (e.g. methyl ethyl
carbinyl hydrogen phthalate) because these simple aliphatic groups have
little tendency to release the R — 0 bond electrons to the oxygen atom
(a process favouring alkyl-oxygen heterolysis). The polarisation of the
carbonyl group is of greater importance here, and the resultant positive
charge on the carbonyl carbon atom favours the and A ^ 2  reactions.
Thus these hydrolysis reactions were presumed to have occurred by
the B^q2 mechanism, in agreement with Polanyi and Szabo's earlier work.
Of incidental interest, recent work by Bender (47) on the hydrolysis
of a number of benzoate esters which had, previously been assumed to
proceed by the B^q2 mechanism, shows that some carbonyl oxygen exchange
l8occurs. When certain carbonyl- 0 esters were used, some exchange between 
the carbonyl oxygen and the aqueous medium occurred. The B^q2 mechanism 
described aboves
0 0 0
.O II o, II 5" II
Y c—  or y  c OR ^ r±rY~-c + or
R * R R*
needs modification to some extent to account for this carbonyl oxygen 
exchange, but none of the suggested explanations based on electronic and 
steric effects on the partitioning of the tetrahedral intermediate in the 
following scheme is completely satisfactory?
Although this work throws doubt on the precise accuracy of the 
previously suggested mechanism for reactions, it in no way involves
the alkyl-oxygen bond, and thus the stereochemical arguments here are not 
invalidated.
Thus hydrolysis of carboxylic esters was observed to proceed, 
commonly by a E^q2 mechanism. Hydrolysis by a unimolecular alkyl-oxygen 
heterolysis was first observed in 1936 when Kenyon, Hills and Phillips 
(46) studied the hydrolysis of dimethylallyl hydrogen phthalate. Using 
aqueous 5N-sodium hydroxide, the almost optically pure carbinol was 
obtained, but with aqueous sodium carbonate, the inactive alcohol: 
resulted. With the strongly nucleophilic sodium hydroxide, the B^q2 
mechanism was favoured, and optical activity was retained because no 
alkyl-oxygen heterolysis occurred. With weakly nucleophilic sodium 
carbonate however, the ®^q2 mechanism proceeded slowly enough to 
permit most of the hydrolysis to occur by a mechanism which was
favoured by electron release from the double bond and methyl groups, 
and which involved a free, racemising carbonium ions-
-15-
Since this time,, alkyl-oxygen heterolysis has been the subject of
much study* The B^l mechanism has been shown to be favoured in highly
polar solvents, particularly when Y is a weak nucleophilic reagent, when
the group R strongly releases electrons and when the group R ’.CO- strongly
attracts electrons. All these influences favour the formation of the 
+
carbonium ion R which is planar and therefore racemising.
+The ease of formation of a carbonium ion R is increased not only 
by the electron-releasing properties of the group R, but also by the 
stability of the carbonium ion. Here, steric effects can be involved 
inasmuch as a compound in which the steric interaction of groups is 
greater in the carbonium ion than in the reactant, is likely to ionise 
less readily and vice versa. For example, it has been argued by Baddeley 
and Chadwick (9) that the ionisation of 1-phenylethyl compounds is j 
inhibited because it involves an increase in the steric compression 
between non-bonded groups on formation of a planar carbonium ion.
CH. CH
,^-T\ ,3
\zm/ / OH XTZZZv \
H H
(1) (11)
They pointed out that, in contrast to this, compounds such as 
1-chlorotetralin, which possessed essentially planar carbon skeletons 
should ionise more readily to the corresponding cation. Again, the 
compound 1-mesityl ethyl chloride should exhibit a high degree, of steric 
inhibition of formation of a carbonium ion*
'CIi3 h ch3 h
(III) (IV)
These workers carried out ethanolysis reactions on the following 
series of compounds, and measured the reaction rate constants to test
the validity of the above theoriess- 
(V) (VI)
Cl
Me —  C— H
Me Mer ^
K  U
H Cl
\ ./
\
>(CH2)n
(VII)
Cl
I
Me—  C—  H
A .
CH.
Me
1-mesityl ethyl 
chloride.
1-phenylethyl chloride.1-chloroindane (n=l)
1-chlorotetralin (n=2) 
l-chloro-2,3-benzcyclo- 
heptane (n=3)
The rate constants for the formation of hydrogen chloride in the
oethanolysis reaction at 0 were as followss- 
Compound. 107 k,0
1-mesitylethyl chloride 6800
1-chloro indane 4000
1-chlorotetralin 1070
l-chloro-2,3-benzcycloheptane 23.5
1-phenylethyl chloride 1.94
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The very slow reaction rate for 1-phenylethyl chloride, and the 
rapid rates for 1-chloroindane and 1-chlorotetralin were in harmony with 
the above postulations. The surprisingly high reaction rate observed 
with 1-mesitylethyl chloride implied that the formation of a carbonium 
ion was readily accomplished, and was not therefore hindered sterically 
as suggested previously. In this case it was believed that the inductive 
effect of the methyl groups facilitated ionisation to such an extent as 
to outweigh the steric effects.
Compared with 1-chloroindane and 1-chlorotetralin, l-chloro-2,3- 
benzcycloheptane reacted very much more slowly thus suggesting that the 
formation of the carbonium ion was inhibited. In this case it was 
believed that the puckering of the seven-membered ring inhibited 
ionisation because energy was required for it to attain the planar 
configuration necessary for maximum resonance energy.
Puckering of the skeleton of the benzcycloheptane system was also 
the subject of studies by Huisgen, Rapp, Ugi, Walz and Mergenthaler (10). 
These workers argued that whereas the usual cause of steric hindrance of 
resonance is the displacement from the plane of the aromatic ring, of a 
potentially conjugating group like carbonyl by an ortho substituent, in 
compounds such as
CO
(VIII) the carbonyl group is pulled
CH
'2
out of the plane of the
aromatic ring by a middle'
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sized ring (n = 3-10) and resonance is thus sterically hindered. The
and depends upon the balancing of two forcess
1. The pull of the middle-sized ring by the space needs of the 
methylene groups, and
2. The striving to preserve the resonance energy by preserving 
the co-planarity of the carbonyl group and the aromatic plane.
Ultra violet absorption curves were obtained for the series of 
ketones n = 1-4? and the decrease in the extinction coefficient from 
12 to 7 (6 X 10^) as n increased confirmed the steric effect of the 
ring, although the conjugation was only weakened and not destroyed.
The unimolecular solvolysis reactions of the chloro-compounds 
studied by Baddeley and Chadwick are of a similar nature to the Sal1 
alkyl-oxygen fission reactions already referred to above. By similar 
reasoning therefore, it would be anticipated that the relative ease 
with which alkyl-oxygen heterolysis occurs in the carboxylic esters 
of 1,2,3,4-tetrahydro-l-naphthol, 2,3-benzcycloheptanol and 1-phenyl- 
ethanol would bes
angle between the carbonyl group and the aromatic plane may be 70-90
o
H OR OR
greater
than?
>
greater
(IX) (X) (XI)
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Davies and White (48) resolved l,2,3>4~^©toahydro-l-naplithol by 
fractional crystallisation of the quinidine salt of the hydrogen phthalate. 
Ethanolysis of the (+)-hyd.rogen phthalate with sodium ethoxide in 96$ 
ethanol yielded the optically pure carbinol, but hydrolysis with aqueous 
sodium carbonate solution yielded the carbinol with retained configuration 
but with only 11$ of its maximum rotatory power. This was deduced to be 
due to the incursion of a unimolecular alkyl-oxygen fission mechanism 
in the latter reaction.
In contrast to this relative ease of alkyl-oxygen fission, it was 
found by Balfe, Downer, Evans, Kenyon, Poplett, Searle and Tdrnoky (49) 
that (-)-l-phenylethyl hydrogen phthalate on hydrolysis with aqueous 
sodium carbonate yielded the alcohol with 83$ retention of maximum 
activity.
These findings were in harmony with Baddeley and Chadwick’s 
results on the ethanolysis rates of the chlorides corresponding to the 
above hydrogen phthalates. It was therefore of direct interest to 
examine the alkyl-oxygen fission tendencies of the hydrogen phthalate 
of 2,3-benzcycloheptanol.
REACTION SCHEME AND DISCUSSION OF THE RESULTS.
(i)-2,3-Benzcycloheptanol was prepared according to the following 
scheme from cinnamaldehyde and malonic acids-
-20-
-CH=CH~CH0
COOH
GH (COOH) 
2
CH=CH-CH=C.
\ 0 0K
(XII)
Ni/Al-NaOH
■ COOH
^ Y ' CH2"0H2"CH2"CH
\ y ^  2 hours
(XIV)
y'-Phenylpropylmalonic Acid
COOH
140-180
(XIII)
Cinnamylidenemalonic Acid 
I
i
(77$)
i
i /
.CH2-CH2-CH2-CH2-COOH
(XV)
8--phenylvaleric Acid
Tetraphosphoric Acid 
(T1.5fo)
H OH
Aluminium isopropoxide s. 
(95$) *
(XVI) (XVII)
2,3~£enzcycloheptanone 2,3-Benzcycloheptanol
The carhinol was obtained as colourless needles with physical 
properties in good agreement with published.data. It readily formed a
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highly crystalline hydrogen phthalate of relatively high melting point 
(150°). Fractional crystallisation of the brucine, and then the 
cinchonidine salts of this hydrogen phthalate, followed by decomposition 
with hydrochloric acid yielded the pure (-) and (+) esters respectively.
Ethanolysis of these esters with sodium ethoxide in ethanol gave 
the corresponding optically pure carbinols which could be re-converted 
into the hydrogen phthalates with undiminished rotation.
Hydrolysis of the (-)-hydrogen phthalate with aqueous sodium 
carbonate using the same conditions as used for the above-mentioned 
hydrolyses of the l,2,3?4-tetrahydro-l-naphthyl, and 1-phenylethyl 
esters gave the (-) carbinol with retained configuration but only 33$ 
of its maximum rotatory power (38$ in a duplicate experiment).
2,3-Benzcycloheptanol was found to react very slowly with sodium 
p-toluene sulphinate in 98$ formic acid at room temperature. Only a trace 
of 2,3-benzcycloheptyl p-tolyl sulphone was formed overnight, and the 
yield was still low after a reaction time of a week.
The stability of optically active 2,3-benzcycloheptyl hydrogen 
phthalate in acetic acid solution was remarkable. In the cold, onlj' 10$ 
reduction in rotation was observed after 4 - i years. At 60°, there was no 
change in activity after 8 hours, but at 100° the rotation had fallen to 
14$ of its original value after 8 hours.
In formic acid solution, 2,3-benzcycloheptyl hydrogen phthalate 
reacted after 2 hours at 47° to give 3,4-benzcycloheptene.
Since it had been found possible to prepare and resolve 2,3-benz-
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cycloheptyl hydrogen phthalate, to convert its optical isomers into active
2,3-benzcycloheptanols using alcoholic sodium ethoxide, and to reconvert 
these into the hydrogen phthalates with no loss of activity, it was 
concluded that all these reactions proceed with acyl-oxygen heterolysis* 
The partial racemisation which occurred when the active hydrogen 
phthalate was hydrolysed using aqueous sodium carbonate solution indicated 
that some reaction was proceeding via the B ^ l  mechanism* Under reaction 
conditions similar to those used previously (48)(49)9 retention of 
optical activity (33^ and 38^) was intermediate between that found with 
1,2,394-tetrahydro-l-naphthyl hydrogen phthalate (11$ retention) and 
1-phenylethyl hydrogen phthalate (83$ retention)•
Thus not only was the propensity for alkyl-oxygen heterolysis 
demonstrated for this ester, but the ease with which it occurred was 
shown to be intermediate between that of l,2,394-fefrahydro-l~naphthyl, 
and 1-phenylethyl hydrogen phthalates. This finding was consistent with 
the findings of Baddeley and Chadwick above.
Further evidence that although alkyl-oxygen heterolysis did occur 
with 2,3-benzcycloheptanol under certain conditions, it occurred less 
readily than in the more planar tetrahydronaphthyl compound was apparent 
from the sulphone formation reaction carried out,. This reaction takes 
place through the formation of a carbonium ion and, when it occurs, 
indicates a tendency for the compounds concerned to undergo alkyl- 
oxygen heterolysis. Whereas l,2,3,4~tetoahydro-l-naphthol gave a 62$ 
yield of the sulphone under the selected conditions overnight, the
-23-
2,3-benzcycloheptanol gave a very low yield after a week under the same 
conditions.
PART II
HISTORICAL INTRODUCTION
Much investigation has been carried out into the stereochemistry 
of the addition of "bromine and of hydrogen to the olefinic bond in 
compounds containing the systems- 
d e f
C~Cs=C in which C(d) is asymmetric. In the following discussion
OH
of this subject, the use of the terms C(d), C(e) and 
C(f) always refers to the above system whereas C^, C^
etc. refer to carbon atoms numbered according to the I.U.P.A.C. rules.
In the bromination of an optically active carbinol in which the 
addition of bromine to the double bond adjacent to the asymmetric carbon 
atom creates one or two new centres of asymmetry (each of which could 
have been created with either the (+) or the (-) configuration), it has
been found that these are not created with equal numbers of (+) and (-)
configurations at each site. In other words a partial asymmetric synthesis 
has occurred. Evidence for this was based on the fact that the optically 
active dibromoalcohol thus formed gave on oxidation a dibromoketone 
which, despite the removal of the original asymmetric centre at C(d) by 
conversion to a carbonyl group, possessed optical activity.
For example, Kenyon and Partridge (50) demonstrated that
-24-
[
(+)-l~phenylbut-jp-en-3--ol reacted with bromine to give a mixture of 
1-phenyl'-l,2-dibromobutan-3-ols. When this mixture was oxidised without 
prior separation, a dibromoketone mixture with a preponderance of the 
(-) compound was obtained. The activity of the dibromoketone indicated 
that a partial asymmetric synthesis had occurred.
Kenyon and Partridge further demonstrated that the mixture of 
1-phenyl-1,2-dibromobutan-3-ols obtained from either optical isomer of 
the original l-phenylbut-l-en-3-ol could be separated by fractional 
crystallisation into (+) and (-) forms which yielded separately on 
oxidation the (+) and the (-) dibromoketones, the overall results being 
represented as follows, based on the then current theory of cis-
bromination (+)
Ph
(+)
Ph
H —
H
Br H
•Br
C
II
•Br
~Br
-X
0 OH
(-)
H Ph
A/
G
(m.p. 112 ) (ra.p. 127 )
Br
Br
Me
Ph Ph
(m.p. 88 ) 
Ph
/
 x
Br
Br'
•H Br
■H Br
H
Me
H X OH
(m.p. 6l°)
OH 0 Me OH _
(m.p. 88°) (m.p. 127°) (m.p. 112 )
(-) (-) (-)
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Based on the current knowledge (see p a g e 3  2 ) that bromination 
occurs by a trans-procedure, the scheme can be represented?-
(+) (+) (+)
Ph Ph Ph
H
Br
Although Kenyon and Partridge were wrong in believing the bromination 
to have occurred in a cis- fashion, their observation that the bromination 
was stereospecific because each isomer of the original carbinol gave rise 
to only two dibromoalcohols instead of the possible four, was correct. Had 
the bromination occurred by both cis- and trans- mechanisms, then four 
dibromoalcohols would have arisen from each carbinol isomer.
With this carbinol, both of the carbon atoms to which bromine was 
added (C(e) and C(f)) became new centres of asymmetry, but it was not
established, whether C(e) or C(f), or both C(e) and C(f) contributed to the 
overall activity of the dibromoalcohols or the derived dibromoketones.
Partridge (51) carried out a similar set of reactions with 
pent-l-en—3-ol in which only C(e) (i.e. C^) can become active on 
bromination* He found that the (+) carbinol yielded a (+) dibromoalcohol 
on bromination, and that this, on oxidation,, afforded a (-) dibromoketone.
H H
\  /
c
It
c
/  V Et
H S \
H OH
(+)
Br,
Br
H —  b.—  H
Br ■ 
H-
■H
-Et
OH
Br
H --- — - H
H --- ---Br
H -- -- Et
OH
(+)
CrO.
X
Br
H
Br-
Br
# \0 Et
H
-Br
0 Et
(-)
In this case, the dibromoalcohol mixture was an oil and could not 
be fractionally crystallised, but the fact that the dibromoketone product 
had a rotatory power of opposite sign and of greater numerical value 
than the dibromoalcohol product showed that partial asymmetric synthesis 
had taken place. The activity of the ketone could only be due to the
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asymmetry of the C(e) carbon atom.
A further example of partial asymmetric synthesis in which the 
activity of the final ketone could only be due to asymmetry at the C(e) 
carbon atom was described by Arcus and Smyth (52). These workers 
hydrogenated (-)-3-ethylhept-3-en-2-ol to a mixture of 3-ethylheptan-2-ols 
with an overall (-) rotation. This carbinol mixture was then oxidised to 
give a mixture of 3-ethylheptan-2-ones with an overall (+) rotations -
Pr
Et
H
(-)
Hv
Me
OH
Bu
Et
H
H
OH
Bu
Et
Me
OH
(-)
CrO
Bu
Et H
Bu
H Et
(+)
The stereochemistry of the addition of hydrogen was discussed. It 
was suggested that the asymmetric centre controls the conformation in 
which the carbinol molecule is adsorbed on the surface of the hydrogenation 
catalyst, and the subsequent addition of hydrogen is asymmetric for this
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reason. It was considered that the most planar side of tk© molocule is 
preferentially adsorbed and that the hydrogen adds to this side in a 
cis- manner.
Further progress in this field was made by Balfe, Kenyon and 
Waddan (53) who carried out the familiar bromination and oxidation 
reactions with the carbinol l-phenylpent-l-en-3-ol. Not only was it 
demonstrated that bromination resulted in partial asymmetric synthesis, 
but also that both the C(e) and the C(f) atoms became active. The scheme 
of their reactions, which included the separation of the dibromoalcohols 
by crystallisation, can be represented as followss-
Ph Ph Ph
Ph H
H-
H‘
II-
-Br
-Br
OH
H-
H*
Br
Br
K  <r
H
E
/  °
/  \
0 Et
H -- Br
V
H--- — -Br A .60%
H0<-- H Ph H
Et '  Et
(m.p. 114-5°) (m.p. 109-110°) (m.p. 93-4°)
(+)
Et
\
OH (+)
Ph
(+)
Ph
60%
\ Br-
Br-
H-
■H Br-
— 2 * .
H Br 
OH
(+)
Ph
H
- H
Br ■
Br
HO
H OH' Et
4 0%
-H
H
H
Et 0 Et Et
(m.p.^93-4°) (m.p. 1^09-110°) (m.p. 114-5°)
The case for the activity of both C(e) and C(f) rested on the 
evidence of the homogeneity of the dibromoketones (+)- and (-)-l-phenyl- 
1,2-dibromopentan-3-ones. Exhaustive fractional crystallisation of the 
ketone obtained from either dibromoalcohol effected no separation.
Since these ketones each contained two asymmetric carbon atoms, 
at least one of these must be optically active. If the other carbon atom 
v/ere not giving rise to optical activity also, i.e. were present in its 
(+)-fortn in half the ketone molecules and in its (-)-form in the other 
half, the ketone would be a mixture of diastereoisomerides which could 
be separated by fractional crystallisation. Since such separation could 
not be effected, it followed that the other carbon atom of the C(e),
C(f) pair was also optically active, and both must therefore have 
become optically active during the bromination of the unsaturated. 
alcohol. Davies (54) observed that this phenomenon was a necessary 
corollary of (a) asymmetric addition at either C(e) or C(f) carbon atom, 
and (b) the principle of trans- addition of bromine (see page32),
An apparent exception to this pattern in the behaviour of optically 
active olefinic alcohols on bromination was afforded by the work of 
Arcus and Strauss (l8), who studied the bromination of optically active 
1-phenylallyl alcohol, in which only one new centre of asymmetry is 
formed, this being at C(e). It was reported that whereas the (+)- 
alcohol gave a mixture of dibromoalcohols with (+) rotation, these on 
oxidation with chromic anhydride in acetic acid gave the racemic dibromo­
ketone. It was concluded that racemisation of the dibromoketone occurred
-30-
during the oxidation in acid, medium due to the enolisations-
H H
i f
(f) H — C — Br H—  C—  Br
I t
(e) H— C —  Br C-— Br
I ^  II
(d) C c
//\ / \
o Ph HO Ph
(XVIII) (XIX)
This enolisation was also postulated by Arcus and Strauss to occur 
in, for example, 2,3-dibromopent-4~one in which both C(e) and C(f) 
were activeg-
Me Me Me
i ? j
(f) H— ‘ C — Br h — — -Br H — O — Br
i ^  i  ^  i
(e) C*— Br h **-C-*-— Br H —  C-***-Br
(I ^ --------  | ^ ----  ,
(d.) C ^ O H  C 'ttO C *** OH
t ft
Me Cl
(XX) (XXI) (XXII)
Me H2
In this case, two enolisation reactions are possible. In neither 
case is the activity of C(f) impaired. One involves neither asymmetric 
centre whilst the other would, lead to racemisation of C(e) only. The 
latter racemisation of C(e) would lead to the formation of a pair of 
diastereoisomeric dibromoketones separable by crystallisation. That 
this was not found in practice, rules out the occurrence of such a
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racemisation. Arcus and Strauss explained this by postulating that 
when the enol form reverted to the ketone, the active centre at C(f) 
influenced the reaction "by permitting one configuration at C(e) to he 
formed much more readily than the other, A single diastereoisomer was 
thus formed by a relatively complete asymmetric synthesis.
Some doubt is thrown on the validity of this thoery however, 
because it does not hold for the cases of pent-l-en-3-ol and 3-ethyl- 
hept-3-en-2-ol mentioned above, both of which have sole centres of 
asymmetry at C(e), According to the above theory, Partridge’s 
dibromoketone should racemise as followss-
influence the stereochemistry of the regeneration of the keto-forms, 
but nevertheless partial asymmetric syntheses were observed.
It was considered to be of special interest therefore, to 
re-examine the behaviour of 1-phenylallyl alcohol in these reactions. 
Having referred to the trans- nature of bromination and the cis-
H H
(f)
(e)
(d)
H-—  C-— Br
H—  C —  Br
C
H— -C— Br
C — Br 
I!
C
0 Et
(xxiii)
HO Et
(XXIV)
and similarly with Arcus and Smyth's compound.
In these cases there are no centres of activity at C(f) to
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nature of hydrogenation, the opportunity is now taken of giving some 
of the evidence supporting these statements.
An example of trans- bromination is the formation of 2,3-dibromo- 
succinic acids from maleic and fumaric acids. These reactions can be 
illustrated by the following diagrams (76).
H COOH
\/
C
II
C
/ \
I C(H OOH 
Maleic Acid
Br, Br-
H
COOH
H
-Br
COOH
(?)
H
Br-
COOH
"Br
-H
COOH
H COOH
\/
C
II
c
/\
HOOC H
Fumaric Acid
Br,
COOH
Br
Br
COOH
(meso)
The above formation of meso-2,3-dibromosuccinic acid from fumaric 
/+ \acid and (-)-2,3-dlbromosuccinic acid from maleic acid is indicative 
that the addition of bromine took place in a trans- fashion. Roberts 
and Kimball (72) postulated that this trans- addition takes place via 
an intermediate cyclic bromonium ion (XXVI), and that this is attacked
by the nucleophilic Br along either C-Br bonding line with Walden
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inversion at the carbon attackedg-
R
(Cis)
&
•H Br,+
t
H
(XXV)
R
Br
^  -R— 6 y
I
H
(XXVI)
Br
B r \  y P
£N & S  + ...v  .
>  K R*‘* V  Br
(i)
(XXVII) (XXVIII)
Proof that catalytic hydrogenation of an olefinic compound usually 
gives a cis- addition product is available from reactions of a similar 
nature to those used in the above arguments. Thus, hydrogenation of 
cis-2,3-diphenylbut-2-ene over palladium in acetic acid gives nearly 
exclusively meso-2,3-d.iphenylbutane, whereas the trans- isomer gives 
(-)■--2,3-dipheny lbutane (7 7)«
Ph Me
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H
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Ph Me
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-Me
Me
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H,
Pd
Ph;
Me
H
Me
Ph
H
Me-
Ph
(±)
H
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H
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It seems likely that the olefin becomes adsorbed on the catalyst 
in such a way that the two hydrogens must necessarily approach the 
double bond from the same side. Further evidence suggesting that in 
the catalytic hydrogenation of olefinic carbinols, the molecule is 
adsorbed on the catalyst with the oxygen adjacent to the surface* is 
available from the work of Howard (73). In this work* it was shown that 
catalytic hydrogenation of 2-cyclopentylidenecyclopentanol (XXX) gave 
a product consisting of at least 96$ trans-2-cyclopentylcyclopentanol 
(XXXI). That this result supports the above theory can be seen from 
the following-diagram, in which it should be imagined that the paper 
represents the catalyst surface* and the unsaturated carbinol is 
adsorbed with the oxygen directed towards the catalyst.
H OH H OH H OH
(XXIX) (XXX) (XXXI)
Hydrogenation from the catalyst side of the molecule can be seen 
to give the trans-alcohol (XXXl) whilst hydrogenation from the other side 
gives the cis-alcohol (XXIX).
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The examples given so far involve the creation of new centres of 
asymmetry at either C(e) or both C(e) and C(f), but not at C(f) only.
An example of the latter was afforded by Arcus and Howard (55) who 
catalytically hydrogenated 4-phenylpent-3-en-2-ol and demonstrated that 
asymmetric addition had taken place during the creation of the one new 
asymmetric centre at C(f), In this case, the nature of the addition to 
the doudle bond was not ascertained by the classical method of working 
with optically active isomers and oxidising the saturated intermediate 
to the corresponding ketone. A newer and more elegant method not 
requiring prior resolution of the original unsaturated carbinol, or 
subsequent oxidation, was used. This was the method of Elphimoff-Pelkin 
and Pelkin (56) and Arcus, Cort, Howard and Le Ba Loc (57) which relies 
on gas-liquid chromatographic (g.l.c.) analysis of the diastereoisomeric 
racemates. The addition to a racemic olefinic asymmetric carbinol which 
results in the creation of one or more new asymmetric centres can be 
represented by the following?. -
Had the original asymmetric olefinic carbinol first been resolved 
and then one of the active forms subjected to the catalytic hydrogenation, 
then the reaction would have been reprsented by either the upper or the 
lower lines of the above equation. One antipode would have given rise to 
a pair of diastereoisomers separable on a gas-liquid chromatograph.
dX-'Sym Y
+
jlX-sym YJ ilX-lZ |lX-dZ
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Starting with the inactive form of the carbinol, the reaction is 
as represented by the entire above equation and can be seen to give 
rise to a pair of diastereoisomeric racemates which are also separable on 
a g.l.c. column.
ethanol solution over Raney nickel, and by means of the above technique, 
demonstrated the occurrence of 50^ and 57f° dissymmetric hydrogenation 
in duplicate experiments. The term "dissymmetric reaction" was proposed 
as a replacement for the usual term "asymmetric synthesis" which was 
somewhat unsuitable when applied to reactions with inactive compounds. 
Following the theory of Arcus and Smyth (52), an attempt was made 
to determine which conformation of 4-phery lpent-3-en-2-ol was 
preferentially adsorbed on the nickel surface. Catalin models of the 
following two forms were examineds-
Arcus and Howard (55) hydrogenated (-)-4-phenylpent-3-en-2-ol in
Ph Me
\ /
Ph H C
\ / «
Me C Me
Me
HO H 
(XXXIII)
/ \
HO
(XXXII)
H
These showed that in (XXXII) the methyl groups are more widely 
separated than in (XXXIII), but that hindrance between the oxygen atom 
and the methyl group (C,.) is appreciable in (XXXIl) and. absent in (XXXIIl).
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It was concluded that there was insufficient evidence to select 
one conformation as being certainly more probable than the other.
The same analytical technique was employed by Arcus, Page and
in which only C(e) becomes a new centre of asymmetry. They found a 
relatively low degree of dissymmetric reaction in this case5 5$ when 
the hydrogenation was carried out in ethanol solution, and 8$ when in 
ether.
Fortunately, in this case, the absolute configuration of the two 
diastereoisomeric products of the reaction, (2RS,3RS)- and (2RS,3SR)-3- 
methylpentan-2-ol were already known, Norton and Hass (26) prepared these 
by reacting respectively the trans- and the cis- isomers of 2,3-eposy- 
butane with diethylmagnesium. Furthermore, Gault (59) found that in 
g.l.c. analysis'with a d.iglycerol-poly(ethylene glycol) stationary 
phase, the (2RS,3RS)- compound has the shorter retention time.
In the work of Arcus, Page and. Reid, the dissymmetric hydrogenation 
favoured the production of the (2RS,3SR)- compounds -
Reid (25) who studied the hydrogenation of (i)-3-methylenepentan-2-ol
Me Me
(and optical 
isomer)
J Me
Y  (and optical
HO *H
(2RS,3SR)
(XXXIV)
(2RS,3RS)
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A study of the Catalin models of the two conformations of the 
3-methylenepentan-2-ols (XXXVI) and. (XXXVII) however, showed that no 
outstanding difference was apparent in the packing of the constituent 
groups.
In fact, since conformation (XXXVII) gives the (2RS,3SR) carbinol 
as a result of cis- hydrogen addition from beneath the plane of the 
paper, it must be the more favoured, form in its adsorption on the 
catalyst surface.
In view of the knowledge of the absolute configuration of the 
3-methylpentan-2-ols, it was felt that a study of the hydrogenation 
of another of their'precursors, i.e. 3-methylpent-3-en-2-ol would, be 
of interest.
In all of the work discussed, so far, the saturation of the double 
bond, in the systems -
H H H Mo
c
H
(XXXVI) (XXXVII)
d e f 
C-C=C
OH
has been considered
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Examples studied have been those in which C(e), C(f) or both 
C(e) and C(f) have become new centres of asymmetry. With the exception 
of the work of Arcus and Strauss (l8), and the results given later 
tend to throw some doubt on this, all the examples recorded exhibited 
some degree of dissymmetric reaction. The influence of the asymmetric 
centre at C(d) upon the addition to the immediately adjacent double 
bond, is therefore well established.
It was a natural extension of this work to determine whether the 
asymmetric centre at C(d) exerted its influence on addition reactions 
occurring at a more remote double bond. For example, the behaviour of 
compounds containing the systems-
d e f g
C-C-C=C
I
OH would be worthy of study.
The topics discussed in this section, and on which further work 
is described in the following section, can be summarised as follows?-
A. 1-Phenylallyl alcohol. The re-investigation of an apparent 
anomaly.
B. 3~Methylpent-3-en-2-ol. Its hydrogenation to 3-methy1pentan- 
2™ols of known absolute configuration.
Co Additions to the double bond, in the systems-
d e f g
C~C-C=C
!
OH Attempts to study this system.
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KEACTIOEf SCHEIvIES .
A. 1-Phenylallyl alcohol.
l~Phenylallyl alcohol was prepared by the reaction of phenyl 
magnesium bromide with acraldehyde, and was resolved by the method of 
Duveen and Kenyon (l6). By fractional crystallisation of the quinidine 
salts of the hydrogen phthalates, both optical isomers of the hydrogen 
phthalate were obtained using only one alkaloid.
The specific rotation of the (-•)-hydrogen phthalate ([ocj^gc^ 
“46.8°(l9 2% c, 2.34 in carbon disulphide)) was exactly the mean of the 
numerical values of 42.6° and 51*0° obtained by Duveen and Kenyon, and. 
Arcus and Strauss (l8) respectively. Like the former workers’ product, 
it was an oil which did not crystallise. It was probably therefore, 
slightly less optically pure than Strauss’s compound which crystallised.
Nevertheless the (-)-carbinol obtained from the oily (4-)-hydrogen 
phthalate by the action of sodium ethoxide in ethanol appeared to be as 
optically pure as the carbinols obtained by the previous workers. Its 
rotation was found to beoc^3^3 -10,18° (l, l) which compares well with 
ocR023 “20.08° (1, 2.) (16) andcc^323 -5.12° (l, 0.5) (l8).
Duveen and Kenyon reported the spe-cific rotation of the (+)-carbinol
to be[ og] 5593 +12.1° in carbon disulphide (c, 5«007). Contrary to this,
22 o
the specific rotation of the (-)-carbinol was found to be[a] 5303 +12.5 
(l, Ip c, 5*28) in carbon disulphide in the present work.
Bromination of the optically pure (-)-carbinol was carried out 
using pyridine hydrobromide perbromide as described by Arcus and Strauss
- 41 - '
(l8). This gave an oily dibromocarbinol in 86$ yield with a negative
22 o
specific rotation ([oj^-g^g -12.8 (l, 2% c, 7.4 in chloroform)) in
good agreement with Strauss’s value after making due allowance for the 
lower optical purity (81$) of his starting carbinol in this particular 
experiment. Attempts to obtain the dibromoalcohols in the crystalline 
state failed. They were then oxidised without purification with chromic 
anhydride to yield the dibromoketone as a yellow oil (85$ yield) with 
specific rotation +12.1°(l, 2§ c9 6.13 in chloroform).
Although the dibromoalcohols and dibromoketones were not obtained 
as pure crystalline compounds as in the w o r k of Kenyon and Partridge (50) 
and Balfe? Kenyon and Waddan (53) 9 it is considered that the magnitude 
of the specific rotation of the dibromoketones and its sign are indicative 
of the occurrence of a partial asymmetric synthesis.
Had the specific rotation of the dibromoketone (in solution in 
chloroform) been negative like that of the original dibromoalcohol 
(also in chloroform solution) then the possibility would have remained 
that the supposed dibromoketone was in fact a mixture of (i)-dibromo- 
ketone and unchanged (-)-dibromoalcohol. The only feasible explanation of 
the positive rotation of the dibromoketone9 is that the creation of the 
new asymmetric centre at C(e) in the bromination of the 1-phenylallyl 
alcohol occurs with a preponderance of one configuration. This bias is 
not lost by a racemisation due to enolisation during oxidation to the 
dibromoketones and as a result9 the dibromoketone is produced with a 
definite overall optical activity.
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Of incidental interest, the availability of optically active
1-phenylallyl hydrogen phthalate was used to study the tendency for it 
to react by alkyl-oxygen fission* Hydrolysis of the (-)-hydrogen
(i„e, those without steam distillation) for the hydrolysis of 2,3-benz- 
cycloheptyl hydrogen phthalate described elsewhere, gave an alcohol 
with only 17fo of the maximum optical activity of 1-phenylallyl alcohol* 
It was not ascertained, however, whether this alcohol was in fact
1-phenylallyl alcohol.
Reaction of (-)-l-phenylallyl alcohol with sodium p-toluene 
sulphinate gave a sulphone C16H16°2S which was shown not to depress the 
melting point of cinnamyl p-tolyl sulphone.
B. 3-Met by 1 pent -3--en-2-o 1.
'This carbinol was prepared in its trans- form, by reduction of 
the readily-prepared ketone hrans-3-methylpent-3-en-2-one with aluminium 
lithium hydride. The overall reaction scheme was as followss-
phthalate with aqueous sodium carbonate solution under conditions used
ChH-COCTL + CH-CHO CH0CH(OH)CHCOCH..
2 5 3 3 ^ 3  I 3
HBr
V
AlLiH
H
CH,
3
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The preparation of the 3-methylpentan-4-ol-2~one from ethyl methyl 
ketone and acetaldehyde hy the method described by Kyrides (19) was 
unsuccessful inasmuch as it gave very poor yields of the ketol on three 
successive occasions. However when this same procedure was modified in 
the light of Dubois1 work (40), it gave the ketol in good (84$) yield.
The modification consisted in substituting a greater amount of 
potassium hydroxide dissolved in methanol, for the aqueous sodium 
hydroxide used as catalyst by Kyrides.
Dehydration of this ketol to 3-methylpent-3-en-2-one using 
hydrobromic acid went smoothly as described by Kyrides and gave the 
ketone in 83$ yield. The configuration of this unsaturated ketone was 
not stated in the literature, so a haloform degradation was carried out 
to clarify this point. The production of tiglic acid in this reaction 
showed that the ketone was in fact, the trans- isomer. The tiglic acid 
was identified by its melting point and by the preparation from it of 
the anilide, the melting point of which was close to the literature 
value.
CH H CH.
3 \  /  C
I!
H
C
CH^ COOH
(XXXIX) 
Tiglic acid.
CH
'3
(XXXVIII)
COCH
3
Trans-3~methylpent-3-en-2-one
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The cis- isomer of the ketone would have given angelic acid.
Reduction of this trans- ketone with aluminium isopropoxide was not 
very successful, and the product consisted of a mixture of substances 
as shorn in Figure 19. The use of aluminium lithium hydride in the 
normal manner was more successful, but g.l.c. analysis of the product 
indicated the presence of several compounds (Figure 20). In view of the 
work of Hochstein and Brown (41)9 who showed that the normal procedure 
of adding the carbonyl compound to the aluminium lithium hydride 
solution, resulted in the reduction of the double bond in the case of 
cinnamaldehyde, this result was not surprising. Since these workers 
obtained cinnamyl alcohol in 90$ yield when the procedure was reversed 
and the hydride solution was added to the cinnamaldehyde, this reverse 
procedure was tried with 3-methylpent-3-en-2-one.
The success of this was only partial, and the product was still 
found by g.l.c. analysis (Figure 21) to be a mixture (in which the 
major impurity was believed to be the cis- carbinol). Careful 
fractionation of this material under reduced pressure yielded sufficient 
of the trans- carbinol (found by g.l.c. analysis to be 9^*5$ pure) for 
hydrogenation studies (Figure 22). It formed a 1—naphthyl carbamate with 
melting point in agreement with the literature value for the trans­
compound, and satisfactory analysis.
Hydrogenation, effected in solution in ether by the procedure 
used by previous workers in this field, proceeded smoothly and to 
completion to give 3—methylpentan-2-ol with satisfactory analysis and
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properties in agreement with the literature values. Duplicate 
hydrogenations were carried out and the mixtures of diastereoisomeric 
carbinols were subjected to g.l.c. analysis using a Carbowax column.
In both cases two peaks were obtained with only slight overlap, 
for which the ratio of retention times was 1.08 (Figures 23,24< and 25) • 
This was in agreement with previous work (25) with 3-methylpentan-2-ol 
in which retention time ratios of 1.08 were obtained for the two 
diastereoisomeric racemates, the (2RS,3R3) compound having a shorter 
retention time than the (2RS,3SR) compound. Taking the peak area to be 
proportional to the product of the peak' height and its retention time, 
the results showed that the compound with the longer retention time 
(the (2RS,3SR) compound) was present in greater amount. In the first 
hydrogenation, the peak area analysis indicated a dissymmetric reaction 
to the extent of 14»0$ (Figure 23)« Duplicate analyses of the second 
hydrogenation product indicated 14.3% and 14*1$ respectively (Figures 
24 and 25) *
C. The d e f g system.
c-c-c=c
t
OH
1) l-(4 ^ Methoxy-l ^ naphthyl)but-3~en-l-ol.
This new compound possessing the above system was prepared 
according to the following reaction schemes-
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Ally 1 magnesium 'bromide
ch(oh)ch2-ch=ch2
The first stage of the synthesis followed the method of Buu-Hoi 
and Lavit (27)-. Small amounts of the ortho- isomer of the aldehyde were 
separated from the required para- aldehyde by fractional distillation 
under vacuum, which afforded the latter in 84$ yield. It solidified to 
a crystalline mass with the correct melting point of 34° (13)(38)(39) 
and was further identified by conversion into its oxime m.p. 107-8°
(14)(39) and. its phenylhydrazone, m.p. 106-7° (Literature value 113°)
(13)(38).
For the conversion of this aldehyde into the allyl carbinol in 
good yield (87^) it was necessary to prepare the allyl magnesium bromide 
by the method of Gilman and McGlumphy (58). These workers showed that 
attempts to prepare allyl magnesium bromide by the usual methods give 
di-allyl. They succeeded in getting good yields (greater than 90?^ ) of 
allyl magnesium bromide by using an excess of finely divided magnesium
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powder, and adding the allyl bromide slowly and with rapid stirring in 
an excess of ether.
The new carbinol formed colourless needles m.p. 68° and gave a 
pale yellow p-nitrobenzoate of m.p. 87°. Its hydrogen phthalate was 
prepared, but this was not characterised.
Attempts to study the bromination of the new carbinol, and the 
oxidation of the resulting dibromo-carbinol were unsuccessful. The 
bromination was tried by four methods, using the inactive carbinol to 
test the methods before embarking upon its attempted resolution. The 
reagent pyridine hydrobromide perbromide, used in the bromination of
c
1-phenylallyl alcohol, was used in two attempts to brominate the new 
carbinol in acetic acid solution at room temperature and at 12° 
respectively. Gummy materials not amenable to crystallisation were 
obtained in both cases.
Direct bromination was attempted in the other two cases, using 
chloroform and carbon tetrachloride respectively as solvents and 
carrying out the addition at -20°. Dark unstable resins were obtained 
as products in both instances. It was concluded that the required dibromo- 
carbinol intermediate was unstable, and the work was discontinued.
2) 2-Methylpent-l-en-4-ol.
This was not prepared especially for the current investigation 
because samples of it, in both the (+)— and the (-)- form were available 
from Duveen and Kenyon’s original preparation some 25 years previously
(15). The rotatory powers of these samples showed no significant
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deterioration during the prolonged storage, and since they had remained 
clear, colourless and mobile, it was assumed that they were of 
sufficient purity for trial bromination experiments.
Subsequent to this earlier preparation, later work by Kenyon and 
Young (17) demonstrated that the constitution of the carbinol was not 
as at first believed. Duveen and Kenyon’s method of preparation from 
diacetone alcohol led them to believe that they had in fact prepared
2-methylpent-2-en~4-ol.
OH OH CH CH,
1- 1 \  /
CH,*-~C~~CH, CH — — C — CH, V
t 3 1 ||
CH2 Wa/Hg , CH2 I2 and ”H
4 I ” ^  1
CO CH(OH) distillation
ch3 ch3 ch
ch(o h)
3
This belief was in harmony with earlier workers1 interpretations 
of the dehydration reactions of 2-methyl pent an-2,4-<liol. Kyriakides (60) 
dehydrated this glycol in two stages, and assigned the following scheme 
to the reactions§-
0H c h, CH. CH_ CH.
1 \  /  \  /  :
CH,—  C —  CH, e
t ft 11
CH . Aniline CJJ Aniline ?H
| ------------— ^  ^  I
CH(OH) kydxobromide ch(oh) 1^ rdx.oljrolnide j|H
CH3 CH CH2
J 3
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Bayer (6l) dehydrated the diol with aluminium trichloride and 
reported the product as being the above 4-methylpenta-l,3-diene.
When Kenyon and Young (17) had prepared 2-methylpent-l-en~4~ol 
from 2-methylallyl magnesium chloride and acetaldehyde, however, they 
found such a similarity between the rotatory powers of the resolved 
carbinol and those of Duveen!s carbinol, and likewise with the melting 
points of the hydrogen phthalates that they suspected the two carbinols 
to be identical.
CH —  C —  CH CH = C — CH
c \ 3 + CH CHO — --->  d I 3
CH MgCl 3 CH„
, 2
c h(o h )
(
Determinations of mixed melting points of various derivatives of 
both carbinols confirmed this view. The constitution of the carbinol was 
concluded to be 2-methylpent-l-en-4-ol by the above mode of preparation, 
and this was confirmed by the following facts.
Farmer, Lawrence and Scott (62) had in fact concluded that the 
hydrocarbon obtained by dehydration of the reduction product of diacetone 
alcohol was 2-methylpenta-l,3-diene, and suggested that Kyriakides1 
hexenol was in fact 2-methylpent-l~en-4-ol. The latter view was 
strengthened by their failure to detect acetone amongst the oxidation 
products of the hexenol. Kenyon and Young reacted the unsaturated
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hydrocarbon obtained either by the direct complete dehydration of
2-methylpentan-2,4-diol or by the further dehydration of the intermediate
2-methylpent-l-en-4-ol, with maleic anhydride and obtained 3,5-dimethyl- 
A^-tetrahydrophthalic anhydride (68) in excellent yield. As final evidence 
for the suggested structure of the hexenol, these workers subjected it 
to ozonolysis and found that decomposition of the ozonide gave 
pent-2-ol-4-one in good yield but no acetone.
Bromination of the (+)-carbinol in acetic acid solution using 
pyridine hydrobromide perbromide proceeded smoothly and what was believed
r
to be the dibromo carbinol was obtained in 80$ yield as an almost 
colourless oil with[ocJ +23.8° (l, 2§ c, 5*136 in chloroform).
Oxidation of this, however, by the usual procedure using chromic 
anhydride in acetic acid, yielded a product which rapidly darkened and 
evolved hydrogen bromide. Its solution in chloroform was too opaque for 
its rotatory power, or even its sign to be ascertained. This line of 
investigation was terminated therefore on account of the instability of 
the dibromoketone•
3) Trans-4-Meth.ylhex~4-en-2-ol.
For the next attempt in this series, it was decided to abandon the 
above methods of prior resolution of the carbinol followed by its 
bromination, in favour of the simpler hydrogenation technique using 
racemic mixtures. It was additionally believed that the hydrogenated 
intermediates might well be free from the instability observed with 
the above bromo- compounds.
The simplest compound having the necessary carbinol/double bond 
relationship which would give a new centre of asymmetry on hydrogenation 
is 4-methylhex-4-en-2-ol, which gives a new asymmetric centre at C(f).
CH.
OH H 
t T 
c — c C — CH
3
H H CH3 H
(a) (e) (f) (g) 
(XL)
H_ CH.
OH H
I fc~—c
r f
H H
H
I
CH.
■CH.
(d) (e) (f) (g) 
(XLl)
CH.
The scheme devised for the preparation of this carbinol 
(incidentally in its trans- form) was as follows.; starting from 
trans~3-*methylpent“3~en-2-one, the preparation of which has already 
been described s-
CH,
c —
/
CH.
COCH.
Br,
■>CH3-
Br Br
I i
-C — C-
t i
H CH.
-COCH,
o
HaOMe
CH.
\ /
CH.
H'
/ \
CE^ COOCH^
CH. ,CE_
3X  / ’ 3 
c m c
/
Hydrolysis, then SOCl^
CH. CK. 
/  3
CH.
CdMe, C Reduct ion ■
TIT COC1 / \
% /
c ~ c
t \
CH.
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Bromination of the starting ketone was carried out following the 
procedure of Wagner (23)? But on a much larger scale. The resultant 
dibromoketone was then reacted with sodium mothoxide, again according 
to Wagner*s method, to form mainly methyl 3-methylpent-3-enoate, mixed 
with some regenerated 3-methylpent-3-en~2-one. According to Wagner, the 
ester is formed in its trans- form exclusively. The product obtained in 
this work, however, was shown by g.l.c. analysis (Figure 5) "to consist 
of three main constituents. In addition to the trans- ester (the major 
constituent) and the ketone, a minor constituent represented by a peak 
between the other two peaks was also present. This was believed to be 
cis-methyl 3-methylpent-3-enoate, although its identity was not confirmed 
and its separation from the trans- ester presented some difficulty.
Before dealing with this separation, it is of interest to consider 
the conversion of the dibromoketone into the ester. This is an example of 
the rearrangement of OC, $~dibromo~C4-alkyl ketones on treatment with 
sodium methoxide in ether to yield J3,y-unsaturated esters. Many 
mechanisms have been suggested for this, the Favorskii reaction (64)
(65) (66), but perhaps the most likely one is that suggested by Loftfield 
after his experiments with -labelled 2-chlorocyclohexanone (6?) s-
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H CH 0
I I 3 41
R — C — C —  C
i 1
Br Br
(Loss of Br )
0 
II
C —  OCH3
Separation of the 3-methylpent-3-en-2-one from the crude product 
was readily achieved by the process of fractional distillation under 
reduced pressure using an efficient packed column. This same process 
was also used successfully in separating the required trans- ester from 
the supposed cis- ester contamination, which possessed a very slightly 
lower boiling point. Although the trans- ester could thus be obtained 
with a purity of at least 99$s the method was tedious. It was replaced 
by a simpler method which relied on distillation for removal of the 
ketone from the ester mixture, which was then hydrolysed, and the 
resulting acid mixture was subjected to a low temperature fractional 
crystallisation procedure. The pure trans- acid was identified by its
CH.. MeO" R
.3    \
(Loss of MeOH)
H
t
C-
I
Br
CH-/CH
T f  t 2
c —  c —a
Br
8"
- 54-
melting point, and by conversion into the p-toluidide with correct 
melting point and carbon9 hydrogen and nitrogen analysis.
Conversion of the trans- acid into its acid chloride required 
some care. The reaction of thionyl chloride with unsaturated carboxylic 
acids by the normal procedure of heating under reflux can lead to addition 
of the liberated hydrogen chloride to the double bond. For example, 
Linstead (63) obtained a mixture of two acid chlorides by the action of 
thionyl chloride on pyroterebic acids -
CH.
CH.
o
C —  CH-CHg-COOH
S0C1,
CH. /A
C - :CH-CH2-C0C1
CH
3
CH.
CH3—  C —  CH2-CH2-C0C1 
Cl
The trans-3-methylpent~3~enoic acid was successfully converted 
into its acid chloride by reacting it mainly in the cold with carefully 
purified thionyl chloride. The purity of the acid chloride was 
demonstrated by converting it into the methyl and ethyl esters and
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examining these by g.l.c. analysis (see Figures 7 and 8).
Conversion of this acid chloride, by reaction with cadmium 
dimethyl, into trans-4~methylhex-4-en~2-one was attempted many times 
with modifications in the procedure used, but the few occasions when a 
relatively pure product was obtained could not be simulated reliably. 
Mostly, a product shown by g.l.c. analysis to be a mixture was obtained. 
The purest product obtained is represented in Figure 9« The major 
constituent was probably the required ketone, and this was contaminated 
with traces of non-ketonic material. The ketonic nature of the major 
peak was demonstrated by its drastic reduction after treatment of the 
original product with sodium bisulphite solution (see Figure 10).
Figures 11-15 show the generally inferior quality of other 
products obtained in these preparations, By combining the best of these 
crude products and, subjecting the mixture to fractional distillation, 
it was hoped that enough of a sufficiently pure specimen of the ketone 
would be obtained. The purity of the best fraction thus obtained was 
not judged, to be suitably high for the purpose (see Figure 16). A small 
sample of this impure ketone was reduced using aluminium lithium hydride, 
but the product was shown to be a mixture (see Figure 17).
At this stage, the dimethyl cadmium route was abandoned, and an 
attempt was made to prepare the ketone from the trans- acid chloride and 
methyl magnesium bromide. Whitmore and Badertscher (69) had shown that 
reasonable yields (40.7$ and later, 54$) of methyl t-butyl ketone were 
obtained by the slow addition of t-butyl magnesium chloride in ether
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solution to an excess of acetyl chloride also in ether solution. Although 
later work by Whitmore and Wheeler (70) showed that a similar procedure 
only gave 17$ yield of the required ketone, the procedure of reverse 
addition was attempted using methyl magnesium bromide and the trans-
3-methylpent-3-enoic acid chloride. The conditions used were mild. The 
dilute solutions employed reacted in the cold without refluxing and a 
nitrogen atmosphere was maintained. The product, however, was a mixture 
of substances, the major constituent of which did not appear to be the 
required ketone. The project was abandoned.
c
DISCUSSIONc
A. Compared with all the other known examples of addition reactions
with asymmetric olefinic alcohols in which partial asymmetric synthesis 
occurs, the example of the bromination of 1-phenylallyl alcohol for which 
Arcus and Strauss (l6) reported no asymmetric synthesis was a notable 
exception. The fact that the proposed explanation for this behaviour, 
based on racemisation by enolisation, did not apply to other known similar 
examples, e.g. bromination of pent-l-en-3-ol (51) w&s the reason for the 
present re-examination of the bromination of this carbinol.
A repeat preparation and., resolution of 1-phenylallyl alcohol was 
achieved without difficulty and the only anomaly brought to light was 
an apparent error in Duveen’s work (l6) concerning the sign of the 
specific rotation of the carbinol in solution in carbon disulphide.
When, however, the bromination of the active carbinol, and the
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sub sequent oxidation of the dibromocarbinol were repeated, evidence 
suggesting the occurrence of asymmetric synthesis was obtained.
This evidence was not as convincing as if the intermediate 
dibromocarbinols had been isolated as crystalline compounds, but 
nevertheless, the fact that the dibromoketone mixture obtained on 
oxidation possessed a specific rotation similar in magnitude and of 
opposite sign to that of the dibromoalcohol in the same solvent was 
taken as good evidence that asymmetric synthesis had occurred.
Possible reasons for the lack of asymmetric synthesis in the work 
of Arcus^ and Strauss were sought. It was noted that the dibromoketones 
obtained therein were not subjected immediately to determination of 
optical activity, but they were induced to crystallise. The crystalline 
material was found to be optically inactive 2,3-dibromo-l-phenylpropan- 
1-one. Prom the filtrate was obtained a lachrymatory oil with a strong 
negative specific rotation in chloroform, which gave on distillation a 
further quantity of inactive 2,3-dibromo-l-phenylpropan-1-one.
It is considered possible that this lachrymatory oil may have 
been largely (-)~2,3-dibromo-l-phenylpropan-1-one and that this 
racemised on distillation. Had this optically active oil not been 
separated from the crystalline constituents of the crude dibromoketone, 
then the latter crude product would have been found to exhibit optical 
activity of opposite sign from that of the starting 1—phenylallyl 
alcohol, indicating perhaps that a partial asymmetric synthesis had 
occurred.
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Hydrolysis of the active 1-phenylallyl hydrogen phthalate with 
aqueous sodium carbonate led to extensive racemisation. Previous work 
of Kenyon, Partridge and Phillips ( j 8 )  had shown that whereas 1-phenyl-
3-methylallyl hydrogen phthalate and 3-phenyl-l-methylallyl hydrogen 
phthalate both gave the almost optically pure alcohols of corresponding 
structure on hydrolysis with concentrated aqueous or alcoholic sodium 
hydroxid.e, reaction of either ester with aqueous sodium carbonate gave 
racemic 3-phenyl-l-methylallyl alcohol. Duveen and Kenyon (16) had 
prepared 1-phenylallyl alcohol and compared the reactions of its esters 
with those of the above phenylmethylallyl compounds. They found that the
1-phenylallyl compounds were far more stable than the phenylmethylallyl 
compounds, and showed no tendency to racemise or isomerise. However, 
they did not react the 1-phenylallyl esters with aqueous sodium carbonate.
Evidence that 1-phenylallyl esters can isomerise was obtained by 
Braude, Turner and Waight (79) who isolated cinnamyl p-nitrobenzoate 
from the re-arrangement of 1-phenylallyl p-nitrobenzoate in chlcro- 
benzene solution (after 21 days at 130°)„
The formation of cinnamyl alcohol by the action of sulphuric acid 
on 1-phenylallyl alcohol had been described, (8l), but Duveen and Kenyon 
had not been able to repeat this (neither had Burton and Ingold) (82).
In the hydrolysis of 1-phenylallyl hydrogen phthalate with 
aqueous sodium carbonate described above, it was not established whether 
the observed racemisation was accompanied by any isomerisation. However, 
from the results of the reaction between 1-phenylallyl alcohol and
sodium p-toluenesulphinate, which gave the p-tolyl sulphone of cinnamyl- 
alcohol, it is concluded that the above racemisation of 1-phenylallyl 
hydrogen phthalate probably involved some isomerisation to cinnamyl 
alcohol.
during the catalytic hydrogenation of asymmetric olefinic carbinols,
Arcus and his co-workers.(52) (57) proposed the following scheme. The 
adsorption of the molecule on the nickel catalyst is through the 
interaction of the TT-electrons of the double bond, and also the lone 
pairs of the oxygen atom with the catalyst. This adsorption, which must 
occur more preferentially in one conformation than the other, is followed 
by hydrogenation involving cis- addition of hydrogen to the catalyst 
side of the double bond.
As an example of this reasoning, the two conformations in which
3-methyl-4-pbenylbut-3-en-2-ol (57) would be adsorbed are as follows?-
B. In an attempt to explain the phenomenon of dissymmetric reaction
Ph H
MeC Ph
ii
C He
/
/ H
Me
HO H H
(XLIl) (XLIIl)
The authors selected (XLIl) as the preferred one since it possessed 
the wider spacing of the methyl groups. Evidence that this was the
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correct assumption was later provided by Felkin and his co-workers (71) 
(74) (75) wbo prepared the diastereoisomeric 3-methyl-4-phenylbutan-2-ols 
by a stereospecific synthesis and ascertained the relationship of their 
retention times on a g.l.c. column.
Gault and Felkin (74) studied the relative retention times on a 
g.l.c. column of many pairs of diastereoisomeric alcohols of the general 
formula R-CHMe-CHOH-R1 the configurations of which had been 
independently ascertained by chemical or physico-chemical methods. They 
came to the general conclusions that in cases where R is a group such as 
vinyl-, propenyl-, isopropenyl- or phenyl-, which can form an 
intramolecular hydrogen bond with the hyroxyl group, then the threo- 
compound. has a shorter retention time than the erythro- compound.
Conversely, when R is a non-polar group such as hydrogen, alkyl- 
or cycloalkyl-, which does not form an intramolecular hydrogen bond 
with the hydroxyl group, then the erythro- compound has the shorter 
retention time.
These conclusions can be illustrated in the following diagrams 
(XLIV) and (XLV) in which the definition of erythro- and threo- 
configurations is that erythre designates the configuration in which 
in one of its possible conformations, the two hydrogen atoms, and the 
methyl and R' groups are simultaneously eclipsed.
(XLIV) (XLV)
When R is a non-polar groups--
In this case the order in which the diastereoisomers emerge from 
the g;l.c. column is erythro before threo. Here it was suggested that the 
erythro configuration probably resulted in the hydroxyl group being 
slightly more sterically hindered and therefore less able to undergo 
hydrogen bonding with the polar groups of the stationary phase of the 
column. The threo configuration, with a slightly greater tendency towards 
hydrogen bonding with the substrate would therefore have the longer 
retention time.
Although this difference in storic hindrance of the hydroxyl group
in the two configurations is very small, it was believed to be sufficient
to permit separation on a g.l.c. column. This steric effect was explained,
by assuming that the conformation of the two configurations was such that
the bulkiest groups R and R 1 wore oriented such that they-were as far 
apart as possible. This is illustrated in the following diagramss-
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R R
H OH
H Mg
(Erythro)
(XLVI)
HO 'x
Me
(Threo)
(XLVII)
It was suggested that the hindrance of the hydroxyl group provided 
by R and. H in the threo form (XLVII) was slightly less than that of the 
R and Me in the erythro form (XLVI).
When R is a polar group.
The possibility of a chelation d.ue to intramolecular hydrogen 
bonding leads to the following two configurations?-
H H\ /
MeiL:-Q cciaRf
R* /0
Erythro (chelated) 
(XXVIII)
H
7 - C \
'H'
R 1
x ^ H
Threo (chelated) 
(XLIX)
There is a greater interaction between the Methyl and R f groups in 
the erythro chelated form (XLVIII) than in the threo chelated, form (XLIX). 
For this reason, there are fevirer chelated molecules of the erythro
configuration than there are of the threo form. Consequently, the 
erythro form is more highly reactive with the substrate by hydrogen 
bonding and is therefore retained on the column for a longer time than 
the threo form.
The existence of this intramolecular hydrogen bond in such 
compounds in which R is polar was studied by Sicher, Cherest, Gault and 
Felkin ( l l ) • From measurements of the spectra in dilute solutions of 
various pairs of diastereoisomeric alcohols, differences between bonded 
and unbonded hydroxyl groups were detected. The ratio of the apparent 
extinction coefficient £ (bonded 0H)/£ (free OH) was always found to be 
higher for the threo form than for the erythro isomer.
This was in agreement with the above theory of retention times, 
and was suggested as a means for unambiguous assignment of configuration 
to such alcohols.
In the above hydrogenation of 3-methyl-4-phenylbut-3-en-2-ol, the 
degree of dissymmetric reaction was about 20$. A much higher degree of 
dissymmetric reaction (about 54$) was achieved in the work of Arcus and. 
Howard (55) with 4-pbenylpent-3-en~2-~ol for which the following two 
conformations can be written?-
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The authors were not able, however, to select one form as 
certainly more probable than the other.
An even higher degree of dissymmetric reaction was found in the 
hydrogenation of 3-ethylhept-3~en~2-ol. Arcus and Smyth (52) reported 
76^5 but did not suggest which of the two conformations below was the 
more favoured?-
n-C.EL 0oH_ n-CLH H
\  /  2 5 3 7\ /
C =  C Me C
/  \ f  li
H Cy C Me
/  /HO H CJEL C
2 5
(LII) (LIII)
/  \
HO H
Ho definite conclusions on the more probable conformation of the 
adsorbed molecule could be drawn either, by Arcus, Page and Reid in their 
work with 3-methylenepentan-2-ol (25).
/ H2CH3 f,H2
CH2 - C  Ke C
c ch3ch2 c
\
\
/ \
HO 'h HO H
(LIV) (LV)
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It was considered that although the methyl groups (C^ and C*.) are 
closer together in conformation (LIV) than in the conformation (LV), the 
-CHg- of the ethyl group is very close to the oxygen of the hydroxyl 
group in (LV) "but more distant in (LIV), From the results of the g.l.c. 
analysis of the 3-methylpentan-2-ols, and from the knowledge of the 
absolute configurations of these saturated carbinols (arising out of the 
work of Gault (59)) it was found that the preferred conformation was the 
left-hand one above.(LIV). The degree of dissymmetric reaction was only
5 -8 fo.
In the present work, the above 3-methylpentan-2-ols were prepared
c
by the hydrogenation of trans-3-Histhylpent-3-en-2-ol which can be 
adsorbed in the following conformationss-
Me H
\  /
Me Me C
V  /  "
C = C  Ms C Me
/ \T /  \T
H .C Me C
/  \  /  ''
HO H HO 'H
(LVI) (LVII)
Manipulation of these structures made up in Courtauld atomic models 
showed no decided preference for either of the two modes of adsorption.
The results of the hydrogenation, however, made it clear that 
dissymmetric reaction had occurred to the extent of 14-15$* As found
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also in the work of Arcus, Page and Reid (25), the mixture of racemates 
of 3-methylpentan-2-ols obtained contained a preponderance of the 
(2RSs3SR)~ compounds thus indicating that the more favoured conformation 
in the adsorbed state of the unsaturated carbinol wass-
Me H
\  /
C
II
C Me
/  \ T
Me C
/ \
HO H
(l v i i i)
In the above five examples of dissymmetric reaction, the degree 
to which this occurred varied from as little as 5-8$ to 76$. It would
have been thought that if interaction between groups was the factor
governing the preferential adsorption of one of the possible 
conformations, then some indication of this would have been apparent from 
a study of structural models of the molecules, especially in those cases 
in which the degree of dissymmetric reaction was high.
That this was not so, suggested either that almost undetectable 
differences in group interaction in models of the pairs of conformations 
had profound effects, or that the theory of group interaction did not 
apply, or needed modification.
The following suggested modification to this theory is now 
advanced.
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It is noted that all five compounds so far studied possess the 
following structures-
R_ (The lettering of the C
C —  C atoms follows the convention
/  f e \  j
Rq CH(OH)Me given on page 23)
^ d
(LIX)
The group -CH(0H)Me was common to all five compounds, and if it is 
assumed that the most likely conformation of this group in the adsorbed
r
state is with the -OH and the ~H adjacent to the nickel surface, then 
the -Me group will be oriented away from the surfaces-
Me
1
C © 
H - 0 / d \mfminmufnrrr
(LX)
Now although the C(d)-C(e) bond is capable of free rotation in 
the normal state, in the adsorbed state, the molecule assumes one of the 
two possible planar conformations?-
/ t  e \  / e\
H CH(OH)M© R. CH(OH)Me
d .. 3 d
(LXI) (LXXI)
In the adsorbed state,, therefore, the rotation about the C(d)-C(e) 
bond is restricted, and the two possible conformations (LXI) and (LXIl) 
can be likened to cis- and trans- isomers.
Re-writing these structures so as to emphasise this point they 
becomes -
f
R-s H R_R0C H
3 \ e  d /  ^  2 - V  a /
C —  Me 'C-—  C*t;
t# \  /  \
,C OH R3 (
(LXIII) (LXIV)
It is suggested that because the methyl group on C(d) is oriented 
away from the catalyst, the hydroxyl group on C(d) plays a key role in 
deciding the preferred conformation. In the above two structures, (LXIII) 
is designated “trans-" when R^ has a higher ’’group weight” than rsCE^ R^  
and ”cis-” when eCR^R^ has a higher group weight than R^. It is 
postulated that just as ordinary geometric isomers exhibit greater 
stability in their trans- forms than in their cis- forms, so tho ’’trans-”
form of the above structures is the more frequently occurring one in 
the adsorbed, state*
In the following table, the postulated preferred forms (i*e. 
"trans-") of the adsorbed unsaturated carbinols are listed, and where 
known, the actually found preferred structure is listed for comparison.
Compound
3-ethylhept-3-en ^4%  
-2-ol (52)
Postulated preferred Found preferred Dissymmetric 
("trans-") structure structure reaction jo
Hot known.H
/
X C — C-**Me
/  \
0oH OH
2 5
II 3-methyl-4-phenyl ^7^6
but-3-on-2-ol (57) ^ ~C — C
CH. OH
HIII 4-phenylpent-3-en /
x C — C ^ M e
/ \
H OH
-2-ol (55)
IV 3-methyl enepent an ^
\  /
-2-01 (25) ■ " '■
/,
C —  C-«Mo
CH,
V 3-methylpent~3-en
OH
H
"trans-”
Hot known
"trans-"
"trans-"
76
20
54
5 - t
14-15
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It can be seen that in the three cases in which the stereochemical 
outcome of the hydrogenation is known, the results support the above theory. 
Although it is therefore suggested that this theory does throw some light 
on the phenomenon of partial dissymmetric catalytic hydrogenation, the 
existing theory of group interaction is by no means discounted. The latter 
theory implies a much stronger interaction between groups than does the 
"cis-", "trans-" theory5 an interaction approaching that which can result 
in restricted rotation in fact. One possible reason for the apparent 
inability of the existing theory to give definite conclusions as to the 
more probable conformation of the adsorbed molecules is simply that the 
compounds under discussion did not exhibit sufficient group interaction.
In four of the five cases, the unsaturated carbinol was the trans­
isomer, and in the fifth case, geometric isomerism did not exist because 
of the presence of a methylene group. Had these compounds been examined in 
their cis- forms, it is believed that the group interactions might well 
have been strong enough for the result of hydrogenation to have been 
predicted from an examination of molecular models. For example, the
4-phenylpent~3-en-2-ol examined in its trans- form by Arcus and Howard (55) 
can be represented in both cis- and trans- forms as follows?-
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Trans-
Cis-
Ph Me
\  /
Ph H C
\  /  !!
C = C  Ke C
/ \ S / \
G H C
\
\/  \  . ,HO H HO H
(LXV) (LXVI)
\
\
Me Ph.
\ /
Me H C
\  /  »■
/C = c v Me C .Me
/ \ ^  ,
Ph CT H c
/  \
HO "H HO" vH
(l x v i i) (l x v i i i)
Whereas the molecular models of the two conformations of the 
trans- carbinol showed no preference for one over the other, models of 
the cis- carbinols show a decided interaction between the phenyl and the 
hydroxyl groups in one form and less serious interaction of groups in 
the other.
C. As all the attempts to prepare a carbinol containing the system
d e f g 
C-C-C=C
OH
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fail ad., it was not possible to establish experimentally whether the 
asymmetry at C(d) could induce dissymmetric addition at the double bond.
Examination of the molecular models of trans-4-roethylhex-4~en-2-ol, 
the catalytic hydrogenation of which was to have been studied, shows that 
the selection of the more probable conformation of the adsorbed molecule 
is complicated by the existence of more possible conformations than before.
Following the arguments developed above concerning the restricted 
rotation about single bonds in the adsorbed, state, the present compound 
exhibits this restricted rotation in both the C(e)~C(f) bond and the 
C(d)-C($) bond. The four possible conformations of the adsorbed molecule 
can be represented as followsa~
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Hydrogenation of these particular structures from beneath the 
plane of the paper would result in the (2R,4R)- saturated carbinol being 
formed from both the "trans-trans-" and ’’cis-cis-" forms, and the (2R,4S)- 
carbinols from the ntrans-cis-H and ”cis-trans-n forms.
It is believed that only very subtle differences would exist 
between the various conformations, and that these would not be 
sufficiently evident from a study of the molecular models for any 
predictions as to the outcome of the hydrogenations to be made.
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T1E EXPERBMTAL SECTION
(Light Petroleum refers to that fraction of b.p. 60-60°)
(Analysis by gas-liquid chromatography is referred to 
as "g.l.c, analysis").
THE RESOLUTION OP 2,3-BEHZCYCLOHEPTAHQL 
Preparation of Cinnamylidenemalonic acid, (l).
Freshly distilled cinnamaldehyde (100 g.), malonic acid (80 g,) 
and quinoline (98 g.) were warmed together on a water bath until a 
clear red solution was obtainods piperidine (2 ml.) was then added 
and the cooled solution kept in the dark. After one day, the mixture 
had solidified to a mass of bright yellow crystals.
After three weeks, the mass wqs broken up with a glass rod and 
5 Iff sodium hydroxide (400 ml.) ivas added. The liberated quinoline 
was extracted in three portions of ether (200, 150 and 100 ml. 
respectively) and the aqueous layer was acidified with concentrated 
hydrochloric acid. After standing overnight, the cinnamylidenemalonic 
acid was filtered off and thoroughly washed with water (1000 ml.). It 
was dried at 40° when a bright yellow solid (147 89$) was obtained.
It had m.p. 192-4° (d). (Lit. m.p. 205-7° (d) for the recrystallised 
acid (2) ).
Preparation ofy -Phenylpropylmalonic acid, (l).
Crude cinnamylidenemalonic acid (137 g » ) was dissolved in a warm 
solution of sodium hydroxide (230 g.) in water (1500 ml.). The solution
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was heated to &5-90°» and Raney nickel aluminium alloy powder (135 £>•) 
was added with stirring, over a period of 2 hours. During this time 
the source of heat was removed and the heat of reaction was allowed 
to maintain the temperature at 92-96°. Heating was resumed when all 
of the alloy had been added, and the temperature was maintained at $0° 
for a further 1 hour.
The reaction product was filtered whilst hot, mid run into a 
hot solution of sulphuric acid (450 ml.) in water (1000 ml.). When cool, 
the precipitated upper oily layer was separated and the aqueous layer 
was extracted once with a little ether. The combined oil and ether 
wash were partly dried (Ha2S0^) and then used in the following 
preparation of § -phenyl'valeric acid without isolation or purification. 
Preparation of 8 -Phenylvaleric acid, (l).
The crude ethereal solution ofy-phenylpropylmalonic acid as 
prepared by the above procedure, was- heated gently under reduced 
pressure in a Claisen flask fitted with a capillary leak. After 
removing the ether, full water pump vacuum was applied and the 
temperature of the oil bath was raised gradually. At a bath temperature 
of 166°, evolution of carbon dioxide commenced, and this continued 
steadily after the bath temperature had been reduced to 155°• After 
1 hour the rate of gas evolution fell and the bath temperature was 
slowly raised. After a total of 1-|- hours, the bath was at 164° and 
after 2 hours, 180° when gas evolution had virtually ceased, and the 
product could be seen to be gently refluxing on the walls of the
flask. After cooling, the liquid solidified to a crystalline mass of 
crude 8-phenylvaleric acid (106 g. 5 96$ overall yield from 
cinnamylidenemalonic acid). It separated from a mixture of acetic 
acid (100ml.) and water (50 ml.) in colourless crystals m.p. 60-61°
(75«6 g.). A second crop m.p. 59-60° (9.4 g.) was obtained by adding 
more water to the mother liquor. The total yield from cinnamylidenemalonic 
acid was therefore 85 g. (11 %)  • (Lit., m.p. 58-9° (2) and 59-60° (3) ). 
Preparation of 2,3-Benzcycloheptanone. (4).
Notes- The mixture of phosphorus pentoxide and phosphoric acid 
used by these workers was replaced by tetraphosphoric acid 
obtained from Messrs. Albright and Wilson Ltd.. It was a 
colourloss, viscous syrup.
s
To tetraphosphoric acid (1050 g.) was added 8 -phenylvaleric acid 
(75 g.) and the mixture was warmed gently (with the exclusion of 
moisture) until the crystals of acid had melted. The mixture was then 
heated in boiling water for 2 hours with occasional shaking. The 
colour became brown after 10 minutes, and rust red after 40 minutes.
After 2 hours, the product was allowed to eool (l^ hour) and then 
poured onto ice (lkg.) and allowed to stand overnight. Next day, the 
resultant upper layer was extracted in benzene (200, 200 and 100 ml. in 
turn). Trouble was experienced with emulsification and the operation 
was prolonged. The combined benzene extracts were washed first with 
N-sodium hydroxide, then with water and then dried (Na^SO^). The 
benzene was distilled off (finally at the water pump) when the residue 
was obtained as a dark gel.
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Distillation of this in high, vacuum gave 2,3-benzcycloheptanone 
as a colourless liquid, b.p. 85°/0.3 mm.-89°/o.5 mm. and n ^  1.5637.
The yield was 48.2 g. (71*5$)• The residue was a dark brown water- 
soluble resin. (Lit., b.p. 80-85°/0,5 mm. (5), 90-93°/l mm. (4),
99-102% mm. (2) and 82-84°/o.3 mm. (6)* n33 1.5651 (5),
n^° 1.5638 (7), n^° 1.5636 (2) and n^° 1.5638 (6).)
Preparation of (-)-2,3-Benzcycloheptanol.
To a solution of aluminium isopropoxide (61.2 g., 0.3 mole.) 
in dry propan-2-ol (300 ml.) was added 2,3-cycloheptanone (46.4 g*5 
0.29 mole.). The mixture was heated and allowed to reflux under a
n n
fractioning column 20 X 1 dia. packed with stainless steel 
double Dixon rings. The initial reflux temperature of 67° fell to 
57° within -Jhour, and during the next hour, 2.6 ml. of acetone 
boiling below 57° was removed. After cooling down and allowing to 
stand overnight, the slow distillation was continued on the 
following day as follows?-
Total time at reflux. Reflux temperature. Volume distilled.
2-J- hours 68° 13*7 ml.
34 hours 73° 18.8 ml.
4i hours 82° 50 ml.
(Theory yield of acetone *= 22 ml.)
The final drops of distillate were tested with a solution of 
2,4—dinitrophenylhydrazine and found to be free from acetone.
M ost of the remaining propan-2-ol was distilled off at reduced
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pressure and the residue was mixed with cold dilute hydrochloric 
acid (105 ml. concentrated acid in 525 nil. water). The separated 
alcohol was extracted in warm benzene and the benzene layer, after 
washing with dilute hydrochloric acid and with water, was evaporated 
to small bulk and allowed to crystallise. Three crops of the alcohol 
were obtained, a31 of which formed colourless needless - 
Crop I (38.5 g.) m.p, 103-103.5°
Crop II (4.9 S») ®*P* 102-103°
Crop III (1.3 g.) m.p. 102-103°
The total yield was thus 44*7 g. (95*1$)* (Founds C,81,55?
H, .8.8, Calc, for ^ H ^ O s  C, 81.45? H, 8.7#). (Lit., m.p. 101° (8), 
100-101° (9)(10), 102-103° (11) and 102.5-104.5° (12).
Preparation of (-)-2,3-Benzcycloheptyl hydrogen phthalate.
Phthalic anhydride (37 g.) was dissolved in warm pyridine (37 ml.) 
and the solution was cooled rapidly with shaking to produce a mass 
of finely divided crystals, (i)~2,3~Benzcycloheptanol (40.5 g.) 
was added to the mixture, followed by triethylamine (30.5 ml.).
After about 5 minutes, the reaction mixture began to warm up, and 
after 12 minutes, the solid had all dissolved and the temperature 
had risen to 60°.
After 15 minutes, the temperature had fallen somewhat, and 
the viscous liquid was heated on a steam bath for 10 minutes and 
then kept at 30° overnight. On the next day, the material was 
heated on the steam bath for 1 hour and then allowed to cool.
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After adding acetone to dissolve the product, ice-cold 5 N 
hydrochloric acid was added with stirring until the mixture was 
just acid to Congo Red. Ice water was then added, and the gum which 
separated, hardened on standing overnight. After filtering off the 
solid, washing well with water and then drying it, the crude ester 
was obtained (76 g.)» This separated from 90$ acetic acid (200 ml.) 
as colourless prisms m.p. 143-9° (68 g., 88$). A further quantity 
(3.4 g.) m.p. I48-I5O0 was obtained by adding water to the mother 
liquor (total yield 71.4 g., 92$).
A sample recrystallised from equal parts of benzene and 
light petroleum gave a product of sharp m.p. 149-150° (Found by 
titrations M, 309.5. ^19^18^4 re<3.u^res 310).
Preparation of (-)-2,3-Benzcyclohept.yl hydrogen phthalate.
(Notes This compound has been termed the (-) isomer on 
account of its laevorotatory power in solution in 
chloroform or acetic acid. Its solutions in acetone or 
ethanol are dextrorotatory.)
(~)-2,3-Benzcycloheptyl hydrogen phthalate (44.3 g.) was 
dissolved in methanol (75 ml.), and brucine (56.3 g.) was added 
portionwise with stirring. After warming slightly to dissolve all 
of the brucine, the solution was cooled and seeded with a crystal 
of the brucine salt obtained previously. Three days later, the 
colourless needles which had separated were collected (Crop A,
42,8 g.), and the filtrate was decomposed with cold 5 S’ hydro­
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chloric acid to give the crude (+)~bydrogen phthalate (23.1 g.).
The crystalline hrucine salt crop A appeared to separate in 
a solvated form, which lost methanol on exposure. After five more 
crystallisations from methanol the optically pure salt was 
obtained (Crop F, 22.8 g.). This was decomposed with cold 5 N- 
hydrochloric acid and the hydrogen phthalate which separated was 
dissolved in acetone and re-precipitated by the addition of water 
to free it from traces of brucine. It (9*6 g.) separated from equal 
volumes of benzene and light petroleum in glassy prisms (8.8 g.), 
[oc]^ -15*5° (l> 2| c, 9*9 in chloroform). (Found, by titrations 
307*5* requires M, 310). The melting point of the
optically pure hydrogen phthalate was not reproducible and not only 
varied in the range 123-131°, but was sometimes accompanied by the 
separation of phthalic acid which could subsequently be observed to 
melt at about 190°.
It displayed inversion of direction of rotation in certain 
solvents as followsg-
Solvent 1 JC r i25[oc]])
CHCl^ 2 9*9 -15*5°
CHgCOOH 1 3.2 -28.4°
EtOH 1 4.2 +12.9°
CH.COCH 1 4.6 +8.5°
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Preparation of (+)-Benzcycloheptyl hydrogen phthalate.
The crude hydrogen phthalate resulting from the decomposition of 
the more soluble brucine salt, was converted into its cinchonidine 
salt which was fractionally crystallised.
Cinchonidine (21.9 g.) and the hydrogen phthalate (23.1 g.) 
were dissolved in acetone (75 ml.) and the solution was filtered 
quickly. Colourless needles began to separate, and after standing 
overnight, were separated (36.8 g.). After three more crystallisations 
from a mixture of methanol and acetone, the salt was obtained pure 
(10.2 g., m.p. 171-2°). After decomposing it with cold 5 N hydro­
chloric acid, and subsequently dissolving it in acetone and 
precipitating by the addition of water, the (+)-hydrogen phthalate 
(5.14 g.) was obtained. It separated from a benzene/light petroleum 
mixture as glassy prisms m.p. 128-131° (4*94 g.)? [oc]^ +15»4°
(l, 2% c, 12.0 in chloroform). (Pound, by titrations M, 310.5.
^19^18^4 reclu^iies ^9 310).
The specific rotatory power of the solution in chloroform was
found to increase as the concentration decreased as followss-
c 16 12 6 3
[<x] 25(1,2) +15.5° +15.4° +16.0° +17.2°
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Solvolysis of (-)-2,3-BenzCycloheptyl hydrogen phthalate.
a) With sodium ethoxide in ethanol.
A mixture of the (-)-hydrogen phthalate (3.1 g.), [oc] -15-5° 
(l, 2 | c, 9*9 in chloroform) and a solution of sodium ethoxide 
(prepared from 0,58 g., 2*5 mole, sodium in 52 ml, ethanol) was 
heated under reflux for 1 hour, poured into water, and the 
precipitated crystalline alcohol extracted with ether. Evaporation 
of the ether furnished the alcohol (l,6 g„, 98.5$) as colourless 
needles m.p. 80.5-81.5° [oc] jp -32.8° (l, 2 $ ci, 7*6 in chloroform). 
(Pounds C,8l.2| H, 8.55* z a i r e s  C, 81.45? H, 8 .7$)*
It was reconverted into the (-)-hydrogen phthalate which
25 o
possessed the undiminished rotation [cc] ^ -15.8 (l, 2 § c, 10.1
in chloroform).
b) With aqueous sodium carbonate (without steam distillation).
The (-)-hydrogen phthalate (2.0 g.) was dissolved in a solution 
of sodium carbonate (0.86 g., 1.25 mole-,) in water (25 ml.) and 
heated on a steam bath. The amount of alcohol formed was estimated 
by ether extraction and was found to be 0.25 g* (24$) a*fie£ lir hoursf 
0.75 g, (75$) after 6J- hours and O.96 g. (92$) after 11 hours. After 
evaporation of the ether, the alcohol remained as colourless needles 
m.p. 98-100° [cc] Jp -5.8 (l> 2 § c, 4.8 in chloroform).
c) With aqueous sodium carbonate (with steam distillation).
Tne (~)-hydrogen phthalate (1.86 g.) was dissolved in a 
solution of sodium carbonate (0.8 g., 1.25 mole.) in water (25 ml.)
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and heated on a steam bath for -J- hour. The mixture was then steam- 
distilled (l-J* hour). After extraction with ether, the distillate 
yielded the alcohol (0.73 g., 75$) m.p. 96-100°, [oc] p5 -11.0°
(l, 2 | c, 3.6 in chloroform). The alcohol thus retained 33$ of its 
maximum optical activity. A duplicate experiment afforded 77$ of the 
alcohol retaining 38$ of its maximum optical activity,
Alcoholysis of (4-)-2«3-Benzcycloheptyl hydrogen phthalate.
This was carried out using sodium ethoxide in ethanol as for 
the (-)-hydrogen phthalate as described above. The (+)-2,3-benzcyclo- 
heptanol thus obtained in 95$ yield had m.p. 80-81°, (Pounds C,8l.5§ 
H, 8.6. ^11^14^ requires C, 81.45? H, 8.7$). When mixed with an
equal weight of the (-) alcohol, it melted at 102.5-103.5° which is 
the m.p. of the racemic alcohol.
Its specific rotation was determined in several solvents as
fo l lo w s g -  
Solvent l JC M  4 % 8 ^ 4 6 1 ^
chci3 2 7.3 +38.5° +33.0° - 1.17
EtOH 2 6.5 +31.6° +27.5° - 1.15
c h3coch3 2 7.1 +33.1° +28.2° +53.7° 1.17
cs2 2 7.0 +50.6° +42.7° +87.1° 1.19
C-Hjsr 
5 5
2 6.8 +65.6° +55.6° - 1.18
This data is presented in a graphical form in Figure I.
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Attempted, preparations of 2,3-Benzcycloheptyl-p-tolyl sulphone.
Prom the (-)-hydrogen phthalate.
A solution of sodium toluene p-sulphinate (0.214 g.) in water 
(4 ml.) was added to a solution of (i)-2,3-benzcycloheptyl hydrogen 
phthalate (0.310 g.) in U/lO sodium hydroxide (10 ml,), Ho precipitate 
was formed even after standing for six weeks.
In another experiment, the (t)-hydrogen phthalate (0.310 g.) 
dissolved in acetone (3 ml.) was added to a solution of sodium toluene 
p-sulphinate (0.22 g.) in 98$ formic acid (10 ml.). The clear solution 
was heated on a steam bath for •§• hour and allowed to cool. Ater six 
days, no solid had separated, and the solution was poured into cold 
water. A colourless oil with a naphthalene-like smell separated, and 
partially crystallised. After extracting with ether, washing the 
extract with dilute sodium hydroxide and evaporating the ether, 
the oil (0.15 g.) was separated from the crystals (0,033 g.) with a 
little light petroleum. The crystals, m.p, 154-8° were not examined 
further,
b) Prom (-)-2,3-benzcycloheptanol.
A solution of the (-)-alcohol (0.405 g.) and sodium toluene 
p-sulphinate (0.6 g.) in 98$ formic acid (20 ml.) was allowed to 
stand overnight. After I f  hours, the clear solution was poured on to 
crushed ice (100 g.) when a heavy oil separated. This partly 
crystallised after 4 days and was extracted in ether. After washing 
with dilute aqueous sodium hydroxide and water, the ether was
evaporated whereupon the residue crystallised immediately (0,46 g.). 
Crystallisation from light petroleum afforded a crop of needles 
(0,17 g.) m.p. 101-3° which did not depress the m.p. of (i)-benz- 
cycloheptanol. Prom the mother liquor was obtained another crop of 
colourless crystals (0.02 g.) m.p. 153-8° which were found to contain 
sulphur.
In a further experiment, a solution of the (i)-alcohol (l.62 g.) 
and sodium toluene p-sulphinate (2.35 g.» 1.1 mole.) in 98$ formic 
acid (80 ml.) was allowed to stand for a week. Working up as before 
yielded a mixture of an oil and crystals (1.93 g«). The crystalline 
portion of this (0.23 g.) was separated from the oil and found to 
melt at 145-155°. Recrystallisation from methanol yielded the pure 
2,3-benzcycloheptyl p-tolyl sulphone m.p. 169-170°, (Pounds C, 71.75? 
H, 6.45? S, 10.8. Cl8H20S02 requires C, 71.95? H, 6.7? S, 10.7$).
The action of formic acid on (+)-Benzcycloheptyl hydrogen phthalate.
per q
(+)-Benzcycloheptyl hydrogen phthalate (2.51 g.) [oc]^ +11.9
(l, 2? c, 13.7 in chloroform) (i.e. 78$ optically pure) was 
dissolved in 98$ formic acid (20 ml.) and kept at 47°. Within.one 
minute, a crop of colourless crystals had separated. The mixture was 
occasionally stirred, and after 2 hours at 47° was cooled and the 
crystalline precipitate filtered off and washed well with chloroform 
(10 ml.). The crystals (0.937 g.) m.p. 205° (decomp.) did not depress 
the melting point of phthalic acid. The filtrate was treated with 
water (50 ml.) and extracted with chloroform (10 ml,). After
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combining the chloroform extract and washings, drying (Ka^SO^), and
distilling off the chloroform there remained an oil which was
separated by distillation into a colourless distillate (0.557 g*) 
o 20
b.p. 124 /l7 mm., n^ 1.5723 which readily decolourised bromine, 
(Founds C, 89*95 H? 8.2. Calc, for ^1^12§ 91•65 H, 8.4$) and a
yellow gummy residue (0,492 g.)« Reported boiling points for 
benzcycloheptene are 120-122°/l8 mm, (9), 106-108°/l2 mm. (10),
96°/7 mm. (34), 237-8°/745 mm. (32), 233.5-234%57 mm. (33),
100-102°/l0 mm. (34), 82-84%  mm. (35) and 1 2 5 % 0  mm. (36),
Although the carbons hydrogen ratio (llsl2.04) was satisfactory 
for the sum of carbon and hydrogen was only 98.1$. It is
believed that the balance was accounted for by oxygen absorbed 
before analysis. A test with acetic acid and potassium iodide gave 
a positive indication that peroxidation had taken place. There was 
insufficient material left for further purification. Peroxidation 
might well be the explanation of the widely different refractive 
indices reported. These are n ^  1,5468 (32), n ^  1,5840 (ll) and
n£5 1.5867 (34).
The UoV. spectrum (Figure 2) was in agreement with published 
data for 3,4-benzcycloheptene,(9)(36).
Ron-action of acetic acid on (t)-2.3-Benzcycloheptyl hydrogen phthalate.
The (i)-hydrogen phthalate (0.5 g.) was dissolved in glacial 
acetic acid (5 ml.) at about 50°, and the solution was cooled 
immediately. After several hours, unchanged hydrogen phthalate
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m.p. 149-150° separated. This was redissolved at about 60°, and water 
(2.5 ml.) added. The clear solution rapidly deposited the unchanged 
hydrogen phthalate m.p. 149-150°. The mixture was then kept at 45° lor 
40 hours and cooled again. The solid which separated (0.44 g*) was still 
unchanged hydrogen phthalate m.p, 149-150°.
The optical stability of (-)-Benzcycloheptyl hydrogen phthalate in 
acetic acid.
a) A solution of the (-)-hydrogen phthalate in glacial acetic 
acid had OC ijp -5*01° (l, 2% c, 8.83). After keeping it at room
temperature for 4 i  years this value had fallen to -4.5^ .
b) Another solution of the (-)-hydrogen phthalate in acetic 
acid having CC ^  -4.05° (l, c, 6.8l) was heated to 60° for 8 hours.
Its rotation remained unchanged after this treatment.
c) A solution of the (-)-hydrogen phthalate in acetic acid,
QC^p -5.01° (l, 2% c, 8.83) was heated to 100° for 8 hours. On cooling,
2*5 0the rotation was OC -0.74 or only 14*7$ of its original value, A 
repeat experiment gave a similar reduction in rotation to 14*2$ of the 
original value. In a further experiment, the solution of the (-)-hydrogen 
phthalate from (a) above OC ^  -4*52° (l, 2$ c, 8.83) (25 ml.) was
heated to 100° for 8 hours. On cooling, crystals separated and produced
a turbidity which precluded determination of the rotatory power. After 
a week, the crystalline deposit was separated (0.39 § • )  found to 
have m.p. 204-5°(decomp.). It did not depress the melting point of 
phthalic acid. The filtrate was poured into water (200 ml.) and the
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precipitated oil was extracted in ether. After washing this extract with 
ice-cold 5$ sodium bicarbonate solution and drying (Ha^SO^), evaporation 
of the ether yielded a colourless viscous oil (1.207 g.) which partly 
crystallised. After 9 days, the mixture was treated with a little light 
petroleum (b.p. 40-60°) and the colourless crystals filtered off (0.144 . g. 
m.p. 136-140°).Recrystallisation from equal volumes of benzene and light 
petroleum afforded colourless crystals m.p. 145-9°• When mixed with 
(i)-benzcycloheptyl hydrogen phthalate of melting point 150°, the 
mixed melting point was 147-150°.
ATTEMPTED ASYMMETRIC SYNTHESIS WITH l-(4'-METHOXY-l t-hAPHTHYh)BUT--3-M-l-0L. 
Preparation of l-Methoxynaphth-4-aldehyde (27).
To a stirred mixture of 1-methoxynaphthalene (424 g.) and. 
formdimethylamide (221 g.) was added phosphoryl chloride (494 g.) 
during 1 hour with external water cooling such that the temperature 
remained at about 20°. After gently warming, a vigorous reaction set in, 
and despite renewed water cooling, the temperature rose to 150°. When 
this had subsided, the mixture was heated in boiling water for 2 hours.
On the next day, the product was treated with saturated sodium 
acetate solution, and extracted with benzene (500, 200 and 150 ml.).
The benzene solution was washed with 6 H hydrochloric acid and then 
with water and was dried over fused calcium chloride. After distilling 
off the benzene at reduced pressure, the aldehyde was distilled in 
vacuum. It had b.p. 140-149°/0.3 mm. and collected as a pale yellow oil
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(453 s., n%)-
The crude aldehyde was freed from a small amount of 
l-methoxynaphth-2-aldehyde hy fractional distillation using a short 
Vigreux column. After removing a preliminary fraction b.p. 130-136°/
0.5 mm. (a pale yellow oil, 20 g.) the required aldehyde was collected 
as an almost colourless oil b.p. 136-138°/o.5 mm. (417 g»* 84$) wbich 
solidified completely to a crystalline mass m.p. 33.5-34*5° (Lit. 34°) 
(13)(38)(39)* The residue amounted to 11 g..
The phenylhydrazone of the aldehyde separated from aqueous ethanol 
as yellow needles m.p. 106-7° (Lit., 113°) (l3)(38). The oxime formed 
colourless needles from benzene m.p. 107-8° (Lit., 107-8°(l4)and 105°
(39)0
Preparation of l-(4’-Methoxy-l*-naphthyl)but-3-en-l-ol.
A solution of freshly distilled allyl bromide (30.25 g.) in dry 
ether (150 ml.) was added slowly during 2 hours to a rapidly stirred 
suspension of finely divided (90 mesh) magnesium (l8 g.) in ether (50 ml.)* 
The reaction started after about 5 minutes and was maintained at about 
30° during the rest of the addition. After stirring for a further 15 
minutes, the mixture was cooled to approximately -10° and a solution of 
l-methoxynaphth-4-aldehyds (42 g.) in ether (100 ml.) was added during 
|r hour with the temperature maintained between -5° and -15°• After 
allowing to warm to 0°, the product v/as poured on to a mixture of ice 
and ammonium chloride (100 g.). The separated ethereal solution was washed 
with water, dried over sodium sulphate and the solvent was removed by
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evaporation at room temperature. The carhinol remained as a colourless 
oil (45 g. > 87.5$) which solidified to a mass of colourless needles m.p. 
57-60°. It, after two recrystallisations from light petroleum had m.p.
6 l - d °  (Founds C, 79.0; H, 7.0. C H^Og requires C, 78.9} H, 1 . 0 % ) .
Its p-nitrobenzoate separated from ethanol as pale yellow rhombs 
m.p. 86-7°. (Pounds C, 70.0? H, 5*4, 3.75* C .H.JO- requiresdc iy y
C, 70.0? H, 5.1? N, 3.7$).
Preparation of l-(4f-Methoxy-lf-naphthyl) but-3-en-l-yl hydrogen phthalate.
To a mixture of phthalic anhydride (2.8 g.), pyridine (2.8 ml.), 
l-(4 ’-methoxy-l’-naphthyl)-but-3-en-l~ol (4.3 g.) and benzene (4.8 ml.) 
was added triethylamine (2.5 ml.). The mixture became warm and then 
became clear. After standing at room temperature for 4 days, more benzene 
was added and the resultant solution was extracted with dilute hydro­
chloric acid and then washed with water. The benzene solution was treated 
with light petroleum which caused the hydrogen phthalate to crystallise 
out. It (4.8 g.) formed a colourless solid which melted at .115° but 
immediately re-solidified. After recrystallisation from a mixture of 
methylene dichloride and light petroleum it still exhibited this 
anomalous melting point behaviour. On heating slowly from room temperature 
it shrank at 112° without melting. A sample placed in the block at 110° 
melted at 113-114° and rapidly re-solidified, and did not melt again until 
about I9O0.
Attempts to prepare l-(4"-Methoxy-ll-naphthyl)-3g4-dibromobutan-l-ol.
a) Pyridine hydrobromide perbromide (3.2 g.) was added portionwise
to a stirred solution of the (-)-carbinol (2.28 g.) in acetic acid (12 ml.) 
at room temperature. Half-way through this addition, the solution which 
had been clear and yellow, became somewhat green and began to deposit a 
gummy solid. The liquid and the gum were separated and worked up by 
adding ice water and filtering off the solids thus formed. The solid 
(l.l g.) from the liquid portion softened at 50° and decomposed at 108°. 
That from the gum (2.4 g.) softened at 80° and decomposed at 108°.
Attempts to crystallise either of these materials were unsuccessful.
b) The above experiment was repeated with the exception that the 
addition of the perbromide reagent was carried out at 12°. On warming 
up to room temperature there was obtained a yellow liquid containing 
only a trace of insoluble colourless gum. Water was added to this and 
the product was extracted in ether. After washing the ether solution, 
drying over sodium sulphate and allowing the ether to evaporate, the 
product was obtained as a dark brown resin (3.05 g.)«
c) To a solution of the (i)-carbinol (2.28 g.) in carbon tetra­
chloride (20 ml.) stirred and cooled to -20°, was added dropwise a 
solution of bromine (1.6 g.) in carbon tetrachloride (10 ml.). The 
colour of the bromine was quite rapidly discharged throughout the 
addition which took place at between -18° and -22°. The colourless 
liquid was warmed to room temperature, washed with a little dilute 
sodium hydroxide solution, dried over sodium sulphate and the solvent 
was removed. The product remained as a brown viscous oil (3.5 g.) 
which slowly hardened and became darker in colour on standing.
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d) To a solution of the (i)-carbinol (1.14 S») in chloroform (10 ml.) 
stirred and cooled to -20° was added a solution of bromine (0.8 g.) in 
chloroform (10 ml.). The colourless solution was immediately evaporated at 
water pump pressure to leave a mobile, pale yellow-brown residue (2.0 g.). 
This was dissolved in light petroleum and left in a refrigerator 
overnight. On the next day, a brown oil had separated, but this re­
dissolved on warming to room temperature. On evaporating the solvent in 
vacuum, a darker brown residue remained which slowly evolved hydrogen 
bromide.
ATTEMPTED ASYMMETRIC SYNTHESIS WITH 2-METHYLPMT-1-M-4-0L.
The optical stability of 2-Methylpent-l-en-4-ol.(17)«
Samples of both the (+)- and the (-)-carbinols originally prepared 
by Duveen and Kenyon (15) were checked for retention of their rotatory 
powers with the following resultss-
Date Observer Sample 1 25 a  5893
22-9-36 Duveen (-) 2 -7.30°
7-1-42 Duveen (-) 2 -8.48°
3-3-61 Withey (-) 1 -4.35°
4-5-36 Duveen (+) 2 +9.00°
3-3-61 Withey (+) 1 +4.65°
Preparation of (+)-1.2-Dibromo-2-methylpentan-4-ol.
To a solution of (+)-2-methylpent-l-en-4-ol (2.0 g.) in acetic
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acid (20 ml.) stirred and cooled to 11°, was added portionwise 
pyridine hydrobromide perbromide (6.4 g.). The addition took -g- hour 
and after standing for a further -J- hour, the mixture was poured into 
water (150 ml) and the product was extracted with ether. The ethereal 
solution was washed with 5$ aqueous hydrochloric acid and then with 
aqueous sodium bicarbonate solution, dried over sodium sulphate and 
the solvent removed,There remained the bromoalcohol as an almost 
colourless oil (4.18 g., 80$) +23*8° (l, 2§ c, 5.136 in
chloroform).
Oxidation of (+)-!,2-Dibromo-2-methylpentan-4-ol.
To a solution of the dibromocarbinol (2.60 g.) in acetic acid 
(26 ml.) heated to 60° and stirred, was added portionwise chromic 
anhydride (l.O g.). The addition took -J- hour and stirring at 60° 
wqs continued for a further J hour. After pouring the mixture into 
water (200 ml.), extracting the product with ether and washing the 
ethereal solution with dilute aqueous sodium bicarbonate solution, 
evaporation of the ether at room temperature gave the ketone(l.55 §*) 
Although the ethereal solution was colourless when almost completely 
evaporated, the residual ketone was very dark and was evolving 
hydrogen bromide. Its solution in chloroform was violet-black and 
was opaque. Its rotation could not therefore be determined.
A SYMMETRIC SYNTHESIS WITH 1-PHMYLALLYL ALCOHOL.
Preparation of 1-Phenylall.ylalcohol (l6).
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A solution of phenyl magnesium bromide was prepared from dry 
magnesium turnings (72 g.), bromobenzene (471 g.) and ether (1500 ml.). 
When all of the bromobenzene had been added, the mixture was heated 
under reflux for a further -J- hour, after which all of the magnesium 
had reacted. The solution was cooled in a water bath, and to it was 
added slowly and with stirring, a solution of freshly distilled 
acraldehyde (151 g.) in ether (400 ml.). After standing overnight, the 
mixture was decomposed by pouring it into a mixture of ammonium chloride 
(600 g.) and ice. The oily layer was separated off and the aqueous layer 
was extracted with ether. This ether extract was combined with the oil 
and washed twice with water and dried over sodium sulphate. After 
distilling off the ether, the 1-phenylallyl alcohol was obtained as a 
colourless oil b.p. 110-112°/l2 mm., n ^  1.5408 (213 g., 59$).• (Lit., 
b.p. 1 0 7 % 7  mm., n*5 1.5404 (16)•).
Preparation of 1-Phen.ylallyl hydrogen phthalate.
To a mixture of 1-phenylallyl alcohol (67 g.), pyridine (45 g.) 
and finely divided phthalic anhydride (74 g.) was added triethylamine 
(40 ml.). The mixture was stirred, and the temperature rise which ensued 
was controlled by external water cooling. When the reaction had subsided, 
the mixture was heated to 55° for a short time to dissolve any remaining 
phthalic anhydride and then kept at 37° overnight. After standing for a 
further 5 days at room temperature, it was decomposed with acetone, ice 
and hydrochloric acid. On the next day, the aqueous layer was decanted 
from the oily product which was left standing under water. After a week,
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crystallisation was complete and the crude hydrogen phthalate (129 g.) 
was collected. Recrystallisation from a mixture of carbon disulphide 
(135 ml.) and ligroiri (b.p. 100-120°, 120 ml.) yielded colourless 
prisms (78 g.) m.p. 72-74°. (Lit., m.p. 73-74° (16).).
Preparation of (+)-l-‘•Phenylally 1 hydrogen phthalate.
(Notes This ester has a high specific rotation (+) in carbon 
disulphide and a relatively low specific rotation (-) in 
ethanol. It was referred to as the (-)-ester by Duveen and 
Kenyon (l6) and as the (+)-ester by Arcus and Strauss (l8).
In view of the higher (+) rotation in carbon disulphide 
solution and the fact that the rotation is also (+) in 
pyridine, benzene, acetic acid and chloroform and in the 
undiluted state (16), this ester is referred to as the 
(+)-hydrogen phthalate in this work.)
(i)-l-Phenylallyl hydrogen phthalate (141 g.) and quinidine (l62 g.) 
were dissolved in warm acetone (550 ml.), and the solution was cooled 
and kept overnight. On the next day, the very bulky, fine needles which 
had separated were collected and washed ?d.th a little acetone. After 
four recrystallisations from ethyl acetate, the optically pure salt 
(Crop E, 74 g o ) m.p. 130-1° was obtained. Decomposition of this salt (65 g. 
with ether (300 ml.) ice and hydrochloric acid gave an ethereal solution 
which, after washing with water, drying, and allowing to evaporate 
yielded the active hydrogen phthalate as a colourless oil (29 g.)j 
toc] 5893 2? c> 5.15 in ethanol). (Lit,, -14.0° (l, 2% c, 5.04
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in ethanol) at room temperature (16).).
Preparation of (-)-l-Phen.ylall.yl hydrogen phthalate.
The mother liquor from the quinidine salt of the (+)- ester
deposited large glassy crystals on standing. These were separated, and
after two recrystallisations from acetone, gave the pure quinidine salt
(19*5 g.) m.p. 161-3°. Some of this (1.96 g.) was decomposed with acetone,
ice and hydrochloric acid, and after extraction with ether, the hydrogen
2*5 o
phthalate was obtained as a colourless oil (0.825 g.)> [ 3  5Q93 -46 .8  
(l, 2% c, 2.34 in carbon disulphide), [oc]^^ +15.8° (l, 2j c, 4.14 
in ethanol) (Lit., quinidine salt m.p. 161-3°, [<*-3 5893 "*42.3° (l, 2%
A A  _
c, 4*947 in carbon disulphide) (16) [oc] 5Q93 -50*8 (l, 2§ c, 5.01 in
carbon disulphide) (18).).
Preparation of (-)-l-Phen.ylallyl alcohol.
(+)-l-Phenylallyl hydrogon phthalate (29 g.) dissolved in ethanol 
(100 ml.) was added to a solution of sodium ethoxide prepared from 
sodium (5.9 g.) arid ethanol (100 ml.). The precipitated sodium salt of 
the acid ester was dissolved by warming, and the mixture was heated 
under reflux for -f hour. After cooling, the product was poured into 
water (1500 ml.) and the carbinol was extracted in ether. The combined 
ether extracts were washed with water, dried over sodium sulphate and 
distilled. The active carbinol was obtained as a colourless liquid 
b.p. 55-7°/0.2 mm. (10.8 g,, 79$). 1* had 06 5893 ~ 1 0 t 2 °  t 1 ’ 1) (Lit-? 
C C ^ 93 -20.1°, 1, 2 (16) and OC ^  -5.12°, 1, 0,5 (l8)) and
M 5893 +12*5° (l> c> 5.28 in carbon disulphide), (Lit., [oc]
97-
+12.1° (l, 2§ c, 5*007 in carbon disulphide for the other antipode 
(16)). It had nj5 1.5378 (Lit., 1.5372 for the (+) cartinol (l8) 
and n^9 1.5398 (16)).
Hydrolysis of (-)-l-Phenylallyl hydrogen phthalate.
(-)-l-Phenylallyl hydrogen phthalate having [oc]^^ +15*8°
(1, 2| c, 4*14 in ethanol) (0,783 g.) was dissolved in a solution 
of sodium carbonate (anhydrous, 0,8 g.) in water (50 ml,) and the 
solution was heated under reflux for -J- hour. After cooling, extract­
ing the product in ether, drying this ethereal solution over sodium 
sulphate and allowing the ether to evaporate, the carbinol was
PP ~
obtained as a colourless oil (0.287 g., 77$) * kad “*2.1
(l, I3 c, 2.87 in carbon disulphide),
Bromination of (-)-l-Phenylallyl alcohol.
Pyridine hydrobromide perbromide (12 g.) was added portionwise 
over a period of -J- hour to a stirred solution of (-)-l-phenylallyl 
alcohol (5*0 g.) ( 1> l) glacial acetic acid (50 ml.)
cooled to 6-8°. When the addition was complete, the mixture was 
stirred for a further \  hour and then poured into water (400 ml.). 
After extracting with ether, and washing the ethereal extract with 
5$ aqueous hydrochloric acid, dilute sodium bicarbonate solution 
and then water, it was dried over sodium sulphate. Evaporation of the 
ether yielded a pale yellow oil (10.1 g.) vdiich was dissolved in cyclo- 
hexane (10 ml.) and seeded with a crystal of 1,2,3-tribromo-l- 
phenylpropane. After standing for two days, the separated crop of
needles was collected and washed with a little cyclohexane. The
solid (0.438 g.) had m.p. 122-*3° and a negligible specific rotation 
22 o
([oc] 1> 1§ °? 4.32 in carbon disulphide) which was almost
certainly caused by contamination with the active dibromoalcohol.
After allowing the cyclohexane to evaporate from the filtrate, 
the 2,3-dibromo-l-phenylpropan-l-ol was obtained as a very pale 
yellow oil (9.48 g.s 86$). It had [a]jig -12.8°(l, 2? c, 7.4 in 
chloroform) (Lit., [oc]^^ +10.6° (l, 2% c, 5*0 in chloroform) for 
the dibromoalcohol obtained in 83$ yield from the (+)-l-phenylallyl 
alcohol of 81$ optical purity (l8)). The product did not crystallise 
on long standing. :
Oxidation of the diastereoisomeric mixture of 2,3~dibromo-l- 
phenylpro pan-l-ols.
The dibromoalcohol mixture (1.797 g.) from another similar 
experiment ([OC] -12.2° (l, 2% c, 7.2 in chloroform)) was 
dissolved in glacial acetic acid (l8 ml.) and stirred at 60°. Chromic 
anhydride (O.65 g.) was added portionwise during 20 minutes and the 
mixture stirred at 60° for 10 minutes more. The product was poured 
into water (150 ml), extracted with ether and the ethereal solution 
was washed with dilute aqueous sodium bicarbonate solution and dried 
over sodium sulphate. After allowing the ether to evaporate, the 
2,3--dibromo--l-phenyl propan-1-one was obtained as a pale yellow oil
(1.534 g.j 85$) which had [oc] ^^3 +12.1° (l, 2% c, 6.13 in
chloroform).This did not crystallise after several days, and was
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/4* \then seeded with a crystal of (-)-2,3-dibromo-l-phenylpropan-l-one
(m.p. 53°) whereupon crystallisation set in. After a few days, the
pasty crystalline mass was recrystallised from light petroleum. This
yielded a colourless solid (0.554 g.) which had m.p. 45~9° and 
22 o
[CO5Q93 +1.9 (l? 1? 5.5 in chloroform) and was probably largely
(i)-2,3-dibromo-l-phenylpropan-1-one. The filtrate, on evaporation, 
yielded an oily solid (0.834 g.) m.p. 40-44° and [oc]^^ +9*8°
(1 , lj c, 8.33 in chloroform)*
Attempted preparation of 1-Phenylallyl p-tolyl sulphone.
a) To a filtered solution of (-)-l-phenylallyl hydrogen 
phthalate (1.41 g*) in a slight excess of ice cold 0.1 IT sodium 
hydroxide solution (52.5 ml.) was added a solution of sodium 
p-toluene sulphinate (l.l8 g.) in water (10 ml.). After a week at 
room temperature, some needles (0,218 g.) which had separated from the 
slightly cloudy liquor were separated and recrystallised twice from 
methanol. The product (0.04 g.) had m.p. 105-8°.
b) A solution of the (i)-hydrogen phthalate (0.282 g.) in 
acetone (2 ml.) was added to a solution of sodium p-toluene 
sulphinate (0.235 g») in glacial acetic acid (10 ml.). After 
standing at room temperature for one month, the clear solution was 
treated with sufficient water (ca. 6 ml.) to produce an incipient 
cloudiness. Six weeks later, a small quantity of a crystalline 
solid (0.034 g.) was separated. It formed colourless needles
m.p. 89-99°.
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c) To a solution of (-)-l-phenylallyl alcohol (1.34 g») in 99$ 
formic acid (40 ml.) was added a solution of sodium toluene p-sulphinate 
(2.35 g.) also in formic acid (40 ml.). The clear solution was allowed 
to stand at room temperature for a week and it was then poured on to 
crushed ice. The solid which separated was somewhat sticky and remained 
so after crystallising once from methanol. However, recrystallisation 
from methanol yielded colourless needles (0,317 g* ) m.p. 120-2°. Further 
recrystallisations from methanol gave the pure sulphone m.p. 124.5-125.5°• 
(Founds C, 70.4? H, 5.855 S, 12.3. C16H16°2S recfuiress C, 70.55? H, 5*9?
S, 11.8$).
Preparation of Cinnamyl p-tolyl sulphone.
A mixture of cinnamyl chloride (9.15 g*)> sodium p-toluene 
sulphinate (10.7 g.) and ethanol (20 ml.) was heated under reflux for 
six hours. During this time sodium chloride separated out. The mixture 
was then cooled and poured on to crushed ice (100 g.) with stirring. On 
the next day, the aqueous liquor was poured off and the gummy residue 
was treated with a little methanol. After decanting this methanol off, 
fresh methanol was added and the gum then crystallised. The colourless 
needles (6.44 go ? m.p. 122-4°) were separated, washed and dried. After 
recrystallisation from methanol, the pure cinnamyl p-tolyl sulphone was 
obtained, (m.p, 125-6°), (Lit., m.p. 126-126.5°)(80).
When mixed with the p-tolyl sulphone obtained above from 1-phenyl- 
allyl alcohol (m.p. 124.5~125»5°) "the melting was found to be 124*5-125o5°o
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ATTEMPTED DISSBMETRIC HYDROGMATIOH OF TRAHS-4^METHYLHEX-4-M-2-QL. 
Preparation of 3-"Methylpentan~4-ol—2-one .
To ethyl methyl ketone (1610 g.) stirred well in a flask cooled 
in an ice hath was added a catalyst consisting of potassium hydroxide 
(7«2 g,) dissolved in methanol (50 ml,)* A solution of freshly distilled 
acetaldehyde (238 g.) in ethyl methyl ketone (282 g.) was then added 
slowly during 2 hours, the temperature being maintained between 6° and 
10°. During this time, the alkalinity of the mixture was confirmed, 
periodically by withdrawing a drop of liquid and applying it to a 
moistened phenolphthalein paper. After this period, stirring was 
continued for a further ■§• hour when the catalyst was neutralised by 
adding finely powdered oxalic acid (8.1 g.) whereupon the slight yellow 
colour of the product was discharged. After filtering off the potassium 
oxalate, the excess of ethyl methyl ketone was removed by distillation 
at reduced pressure up a 60 cm. column packed with Fenske helices.
Having removed most of the solvent at about 26°/l06 mm*, the last 
traces were removed by reducing the pressure to about 20 mm..
An identical repeat experiment was carried out to provide more 
material, and the two resulting batches of crude ketol were combined 
and distilled in vacuum using a 9" Vigreux column.
After removing a small forerun with b.p. up to 67°/ll mm. (16 g. 
colourless oil) the main fraction of 3-methylpentan-4-ol-2-one was 
collected mostly between 69-72°/lO mm.. It formed a colourless oil 
(1057 g., 84.3$) n^5 1.4331 (Lit*, b.p, 95-6°/35 mm. (19)? n^° 1.4350
(23)). The residue from the distillation was a pale yellow oil (141g.)» 
Preparation of Trans-3-Meth.yl pent-3-en-2~one.
To 3-methylpentan-4-ol-2-one (1048 g.) was added a 48$ aqueous 
solution ot* hydrogen "bromide (7 ml,) and a few crystals of hydroquinone 
and the mixture was distilled slowly up a 9n Vigreux column* As the 
dehydration proceeded, a mixture of ketone and water distilled and 
separated into two layers. The distillation temperature rose slowly 
from 88° to 139° at vdiich stage water ceased coming over and the 
distillate consisted of a lower aqueous layer (165 ml.) and an upper 
organic layer (235 ml.). The distillation was continued and the ketone 
distilling between 139-144° collected in a second receiver, leaving a 
distillation residue of dark oil (84 g.).
The aqueous layer of the first distillate was separated, saturated
with salt and the precipitated oil (10 ml.) combined with the upper
layer from the first distillate and the whole of the second distillate.
The combined ketonic material was partially dried over a few lumps of
fused calcium chloride for J  hour and then it (808 g.) was distilled up
a 9” Vigreux column. After removing a first fraction of b.p. 88-136°
which was yellow and contained water (10 ml.), the required ketone
distilled as a colourless liquid b.p. 140-141°(732 g., 82,6$) leaving
a dark residue (28.3 g.). The trans-3~methylpent-3“en-2-one, which
25darkened on standing, had n^ 1.4465 and formed a semicarbazone which 
separated from ethanol as colourless crystals m.p. 198-201° with 
decomposition. (Founds C, 54.4? H, 8.25 11,-27.2. Calc, for H13N3°2
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C, 54.25 H, 8.45? N, 27.1^). (Lit. for ketones V.p. 139.5-141° (19),
2o
rip 1.4489s semicarbazone m.p. 201° with decomposition (20)) , The g.l.c. 
analysis of this ketone is given in Figure 4.
Haloform degradation, of Trans-3--Methylpent~3~en-2-one.
To a stirred solution of sodium hydroxide (33 g.) in water (280 ml.) 
cooled in an ice bath, was added bromine (48 g.) at such a rate (in 18 
minutes) that the temperature remained below 10°. Trans~3-methylpent-3- 
en-2-one (9,8 g.) was then added with stirring during 18 minutes. After 
stirring for a further Tg- hours the pale yellow liquid was removed from 
the ice bath and stirred for a further 5 hours. The mixture was then 
distilled until all of the bromoform had passed over.
The residue was acidified cautiously with concentrated sulphuric 
acid (40 ml.) and distillation was continued into a new receiver until 
no more crystalline material passed over. After extracting the distillate 
with ether and evaporating off the solvent, the acid product was 
obtained as a colourless crystalline solid (3.34 g.) m.p. 55-9° which, 
after crystallising from water and a little ethanol had m.p. 65-6°.
(Tiglic acid has m.p. 65° (2l)). It was converted into its acid chloride 
and this was reacted with aniline to give an anilide which crystallised, 
from aqueous ethanol as colourless needles m.p. 78~9°» (Lit., 77° (22)). 
Preparation of 304-Dibromo-3-methylpentan-2-one.
To 3-methylpent-3-en-2-one (776 g.), cooled in a bath of acetone 
and solid carbon dioxide, was added bromine (1267 g.) with stirring and 
at such a rate that the reaction temperature remained between -3°and +3°.
- 104-
The resultant dibromoketone (2039 g«) was a dark liquid which
slowly evolved hydrogen bromide. It was distilled in vacuum in four
approximately equal batches. In a typical distillation, 503 g» o f
crude material yielded 14 g. of a forerun b.p. 32°/o«7- 50°/0.6 mm.,
396 go of main fraction b.p. mainly 57°/0.7 - 6l°/0.4 ram, and 68 g.
of a residual dark, fuming, lachrymatory liquid. The total yields
wores- Forerun, 56 g*| Main fraction, 1632 g.§ Residue, 235 g*• The
combined main fractions, which wore colourless when distilling, but
25rapidly darkened on standing, had d=1.672 and n^ 1.5146 and mean 
boiling points 59°/0.8, 57°/0.5* 56°/o.6 and60°/0.7 ram.. (Lit.,(23) 
b.p. 78-82°/5 mm., d2Q 1.70b).
Preparation of Methyl trans~3-mothylpont-3-enoate.
To a suspension of sodium methoxide powder (660 g.) in ether 
(3000 ml.) cooled in a bath of acetone and solid carbon dioxide 
kept at about -15°> was added 3,4-4ibromo-3-methylpentan-2-one 
(1565 g*) with stirring and at such a rate that the temperature 
remained below 20°. The addition took 1-J- hours and stirring was 
continued for a further 1-J- hours. After adding ice and water, the 
mixture was extracted with ether. Removal of the ether and distillation 
of the residual oil yielded the crude ester (573.5 g.) L.p. 63°/26.5- 
72°/25.5 ram. (mainly) and a dark, viscous residue (142.5 g o )  •
Another similar experiment using 1622 g. of dibromoketono 
gave 597 go of product, n ^  1.4337.
: Contrary to the findings of Wagner (23)9 the product did not.
consist solely of the required, trans-ester With somo 3-mothylpont-3- 
en-2-ono, but was found by g.l.c. analysis to contain a third constituent 
which it was considered might bo the cis-ostor (seo Figure 5)• In an 
attempt to obtain puro trans-ester, the crude material (594 g») was 
subjected to fractional distillation.at reduced pressure using a vacuum- 
jacketed column 56 cm.X 2.3 cm. dia. packed with Fenske helices.
Fractions of approximately 20 g. each were collected using a take-off 
rate of about 1 drop in 10 seconds and a high reflux ratio. In all,
21 fractions were collected as tabulated on the following page. The 
supposed cis-estor was difficult to separate from the trans-ester, 
and it was not until fractions 15 and 16 (cis-ester contents 4$ end 
1,2$ respectively) that substantially pure trans-ester was being 
obtained.
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Fraction Boiling: Range Weight, g.
20
nD
(Kctono forerun) 46~58o3°/46.5 mm. 94 1.4457
1 58.3-61.7%6.5 mm. 21.8 1.4411
2 6l.7-65.4°/46.5 mm. 23.2 1.4355
3 65o4-66.5°/46.5 mm. 16.35 1.4307
4 66.5-66.8°/46.5 mm. 21.4 1.4302
5 66.8~67*0°/46.5 mm. 22.75 1.4302
6 67.0-67.2°/46.5 mm. 22,55 1.4305
7 . 67.2°/46.5 mm. 23.0 1.4303
8 6 1 . 2 ° / A S mm. 20.65 1.4305
9 67.2-67.3°/46 mm. 22.5 1.4304
10 67.3°/46-67.4°/45.5 mm. 22.25 1.4303
11 67.2°/45.5 mm. 19.0 1.4306
12 67.2-67«4°/45.5 mm. 17.75 1.4307
13 67.4°/45•5-67.5°/44•5 mm. 22.9 1.4307
14 67.8-68.0°/45.5 mm. 21.55 1.4307
15 67.8-67.9°/45.5 mm. 21.75 1.4307
16 67.9°/45.5-68.6°/46.5 mm. 20.2 1.4310
17 68.6~68.8°/46.5 mm. 22.2 1.4311
18 68.8°/46.5 mm. 20.05 1.4312
19 68.5-68.8°/46 mm. 20.35 1.4313
20 68,8-69.5°/45*5 mm. 11.65 1.4319
h 69i5-74.5°/45i5 mm; 8*85 1,4322
jo Purity 
(trans)
81.4 
87.8
96
98.8
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The distillation residue was a rod oil (58 g.). The fo purity 
of tho irans-Gster was estimated by g.l.c. analysis (seo Figure 6).
(Lit, for the trans-ester, b.p, 74°/5° mra»? np° 1-4306 (23))*
Two methods of working up wore pursued. Fractions 16-20(inclusive) 
wore combined (the mixture probably consisting of at least 99$ trans- 
os tor) and hydrolysed to tho trans- acid. Fractions 6-15 wcro combined 
(tho mixture probably consisting of about 88fo trans ester with some cis- 
cster but no ketone) and hydrolysed to the mixed acids for subsequent 
purification by fractional crystallisation (for details, see later).
In view of tho success of tho fractional crystallisation procedure 
in yielding pure trans-acid, intensive fractional distillation of the 
crude esters was dispensed with in another experiment, and onco the ketone 
was removed., the mixtod esters were distilled relatively rapidly and then 
subjected to hydrolysis followed by fractional crystallisation of the 
resulting acids.
Preparation of Trans-3-Methylpont-3-enoic acid.
To a solution of potassium hydroxide (45 g*) in water (455 ml.) 
was added methyl trans-3-methylpent-3“enoate (94 g.) and sufficient 
ethanol (ca. 250 ml.) to form a clear solution. This was kept in a 
refrigerator for 24 hours and then at room temperature for 4 days.
After adding water (1300 ml.) and extracting with ether, the 
aqueous layer was freed from most of tho remaining ethanol by heating 
in a water bath at 45° under water pump vacuum. After cooling and 
acidifying with concentrated hydrochloric acid (110 ml.) the precipitated
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acid was extracted in ether,, Distillation of the acid remaining after 
removing the ether yielded a colourless oil (69.5 g.) "b.p. 110°/26.5 mm. 
which rapidly solidified to a mass of crystals m.p. 33.5°.
A similar hydrolysis of a less pure ester (313 g., 88$ trans) 
yielded an acid (237 g«) m.p. 25.5°. This was purified by crystallisation 
from petroleum ether having b.p. 40-60° by cooling the solution to -80°, 
After four successive crystallisations and a final distillation, the 
pure trans-acid was obtained as colourless plates m.p. 34° (Lit., 35°)
(23).
It yielded a p-toluididc which formed colourless needles 
m.p. 92-3° from aqueous ethanol (Lit., 91•5-92.5°)(23). (Founds 
CJ6.8|H, 8.455 N, 7.1. Calc, for C, 76.85 H, 8,45$ N, 6.9$).
Preparation of Trans-3-methylpent-3-ono.yl chloride.
To trans-3-methylpent-3-enoic acid (140 g.) was added thionyl 
chloride (210 g., specially purified using quinoline and linseed oil
(24)) and the mixture was warmed gently on a water bath. A mixture of 
sulphur dioxide and hydrogen chloride was evolved and the temperature 
of tho liquid rose slowly to 80° in 80 minutes. The excess thionyl 
chloride was removed at the water pump and the residual acid chloride 
was fractionally distilled in a 9” Vigreux column at reduced, pressure. 
Fraction I distilling at up to 52°/20 mm, formed a colourless liquid 
(5 g»)» Fraction II b.p. 52-55°/l8 mm. was also a colourless liquid
(131.5 g.).
Samples of fraction II were analysed by converting them to their
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methyl and ethyl esters and subjecting them to g.l.c. analysis*
The results are given in Figures 7 and 8.
Attempts to prepare Trans-4-Methylhex-4-en-2-one.
To a solution of methyl magnesium bromide (prepared from 
magnesium (1.8 g.), ether (120 ml.) and methyl bromide (7.4 g,)) 
was added with stirring and with cooling in an ice bath, dried 
cadmium chloride powder (7-7 g »)• The mixture was then heated 
until the ether was refluxing, and stirring was continued for 1-fjf 
hours.
The ether was then distilled from the well dispersed grey 
powder until a viscous grey syrup remained. The last traces of ether 
were removed by adding two successive quantities of benzene (35 ml.) 
and distilling these off in turn. Finally, more benzene (50 ml.) 
was added to the well dispersed solid, and with good stirring 
was added slowly a solution of trans-3-methylpent-3-enoyl chloride 
(5 g.) in benzene (5 ml.) with external cooling in ice. Stirring 
was continued for -g- hour, then the ice bath was removed and the 
mixture was heated to reflux for one hour and then left to cool 
for another hour. Up to this stage, all of the operations described 
had been carried out in an atmosphere of nitrogen. A powerful 
stirrer was employed to ensure efficient stirring of the very 
viscous residue formed during the experiment.
After cooling again in an ice bath, a solution of sulphuric 
acid (10 ml.) in water (50 ml.) was added slowly. The benzene layer
was then separated and combined with three benzene washes of the
aqueous layer before being washed with water and 5$ aqueous sodium
carbonate solution. After drying over sodium sulphate, the benzene
was distilled off at reduced pressure using a 9” Vigreux column,
and the residual oil was distilled in vacuum from a Claisen flask.
The product (l.l g.) distilled as a colourless liquid b.p. ^ 6 ° / 2 0.5 
25
mm., n^ 1.4375 leaving a higher boiling residue (2,3 g.).
This preparation proved to be most difficult and unreliable. 
Frequently the quality of the resultant ketone, as judged by g.l.c. 
analysis, was poor and several components were seen to be present, 
but sometimes the analysis indicated that the ketone was substantially 
pure. In attempts to discover the reason for this behaviour, various 
modifications were made to the procedure and a correlation between 
procedure and product quality was sought. Features varied included 
the followings -
Scale of operation^ special care in breaking up the solid 
cake formed after the preparation of the dimethyl cadmium^ the use 
of a nitrogen atmosphere or not§ addition of the acid chloride at 
reflux temperature or with ice coolings if the addition of the acid 
chloride was done in the cold, whether the mixture was subsequently 
heated to reflux or not etc..
In all, some twelve preparations were carried out, but 
although five of the products were reasonably pure, the reasons for 
the unreliability were not established. The g.l.c. analyses of some
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of these products are given in Figures 9, 11, 12, 13, 14 and 15.
These five products were combined (ll g.) and distilled at 
reduced pressure to gives-
Fraction b.p. Weight 25nD , Colour
I 30-51%5 mm. 0.70 g. 1.4370 None
II 50-51%4 mm. 1.55 g. 1.4366 None
III 51-52%4 mm. 6.55 go 1.4366 None
Residue - 1.8 g. — Yellow
The g.l.c. analysis of fraction III is given in Figure 16
An attempt was made to purify one of the better quality
crude ketones arising from one of these preparations by adding 
to it (l ml.) dissolved in petroleum ether b.p. 40-60° (2 ml.) a 
freshly prepared solution of sodium bisulphite and shaking well. No
solid derivative was obtained even after 24 hours. The petroleum
ether layer was separated, washed, dried and evaporated to give a 
colourless oil (0.107 g.).The bisulphite layer was treated with 
50$ sulphuric acid (3.5 ml.) and heated under a reflux condenser 
on a water bath for -J- hour. After cooling, the product was extracted 
with ether, and the ethereal solution washed with a little water, 
dried over sodium sulphate and allowed to evaporate. The residue 
was a brown viscous oil (0.045 g»)° G.l.c. analysis of the crude 
ketone and of the material remaining after the bisulphite extraction 
are shown in Figures 9 and 10. It is shown that the major peak in 
the crude ketone is diminished relative to the lesser peaks by this
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treatment thus suggesting its ketonic nature.
further attempt to prepare Trans-4~Methylhex-4-en-2-one.
To a stirred solution of trans-3-methylpent-3-enoyl chloride 
(5.3 g.) in ether (30 ml.) kept in an atmosphere of nitrogen at room 
temperature, was added slowly a solution of methyl magnesium bromide 
(prepared from magnesium (O.75 g.), methyl bromide (4.0 g.) and 
ether (50 ml.)). A yellow precipitate was formed, but insufficient 
heat was evolved to cause the ether to reflux. When the addition 
was complete (50 min.), the mixture was heated under reflux for 
i  hour, then, after cooling in ice, water (50 ml.) was added.
After separating the two layers, and washing the aqueous 
layer with ether, the combined ether solutions were washed with 5% 
aqueous sodium carbonate and water and then dried over sodium 
sulphate. The ether was distilled off using a 9n Vigreux column 
and the residual oil was distilled in vacuum. The product, a
- A A
colourless oil (O.85 g.) "b.p. 56-70 /l2.5 mm., n^ 1.4432 was 
shown by g.l.c. analysis to be impure (see Figure 18). A brown, 
mobile oily residue (1.3 g.) remained.
Attempted preparation of Trans-4-Methylhex-4-en-2-ol.
To a stirred solution of aluminium lithium hydride (0.45 g.) 
in ether (50 ml.) was added slowly a solution of trans-4-methylhex- 
4-en-2-one (4.48 g.) in ether (30 ml.) (The ketone was a portion 
of Fraction III described on pagelll). After stirring for a further 
10 minutes, wet ether was added and then water, until the suspended
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solid. became colourless. Two hours later, the ethereal solution 
was filtered off, and to the residue was added. 20$ sulphuric acid 
until the solid had dissolved. This solution was then extracted 
with ether and the ether extract was washed with dilute aqueous 
sodium carbonate solution and with water. The combined ethereal 
solutions were dried over sodium sulphate, the ether was distilled 
off using a 9” Vigreux column and the residual alcohol was
distilled in vacuum. It formed a colourless oil (3.75 g*) b.p.
o 2*5
64-5/17 •5 mm., n^ 1.4433. The residue amounted to 0.35 g*»
Analysis of the alcohol by g.l.c. showed the presence of 
some four substances and additionally, a trace of the original 
ketone (Figure 17).
DISSYMMETRIC HYDROGENATION OF TRANS-3-METHYLPENT-3-M-2-OL. 
Preparation of Trans-3-meth,ylpent~3--en-2-ol.
a) Using aluminium iso-propoxide.
To a solution of aluminium iso-propoxide(62.5 g.) in 
propan-2-ol (300 ml.) was added trans-3-methylpent-3-en-2-one (30 g.) 
and the mixture was distilled very slowly up a 56 cm, X 2.3 cm, dia. 
column packed with Fenske helices. Distillation was continued until 
the distillate gave a negative test for acetone using 2,4-dinitro- 
phenylhydrazine reagent. This operation took 2|- hours. Most of the 
residual propan—2-ol was removed by distillation at reduced 
pressure, then, to the residue was added dilute hydrochloric acid
(llO ml. concentrated acid, plus 550 ml. water) and the mixture was 
extracted four times with benzene. The combined extracts were 
washed with water, dried, over sodium sulphate and the benzene 
distilled off under reduced pressure (b.p. about 40°). After 
removing an intermediate fraction (7,1 g.) b.p, 35-70°/60 mm.s the
product was collected as a colourless liquid (7-9 g») b.p. 78°/63 mm.
o 2 S
84 /66 mm. n^ 1.4388. A residue of 2 ml. remained. Analysis of 
the product by g.l.c. showed it to be a mixture (Figure 19).
b) Using aluminium lithium hydride (normal addition).
To a stirred solution of aluminium lithium hydride (8,8 g.) 
in ether (250 ml.) was slowly added a solution of trans-3- 
methylpent~3-en-2-one (78.4 g » ) in ether (100 ml.). The addition 
took 50 minutes and the rate of reflux just began to diminish at 
the end. Stirring was continued for a further hour, then moist 
ether,followed by water, were added cautiously. Some hydrogen was 
evolved during this procedure. 20$ sulphuric acid (200 ml.) was 
added and the ethereal layer was separated. The aqueous layer was 
extracted with ether and the combined ethereal solutions were 
washed with dilute aqueous sodium carbonate solution and dried 
over sodium sulphate. After distilling off the ether up a 9”
Vigreux column, the residual alcohol was distilled in the same 
column at reduced pressure, and three fractions were collecteds-
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Fract ion Boiling Point Weight
II
I
III
47°/20 mm.- 53.5°/l8-5 mm. 
54.5-56°/l8.5 mm. 
56-56.5°/l8.5 mm»
19.1 g. 1.4400
32 g. 1.4403
1.4302
Residue Yellow Oil 12.3 g.
Analysis by g.l.c. of fraction III showed it to be a mixture 
(see Figure 20).
To a solution of trans-3-methylpent-3-en~2~one (235 g*) in 
ether (800 ml.), stirred and well cooled in a bath of acetone and 
solid carbon dioxide, was added slowly a suspension of.aluminium 
lithium hydride (25«1 g., 10$ excess) in ether (200 ml.). During 
the addition which took Tg- hours, the temperature was kept between 
-25° and -45° (mostly below -30°). After stirring for a further 
\  hour during which the cold bath was removed, and the temperature 
allowed to rise to -7°, water (50 ml.) was added cautiously during 
10 minutes when the temperature rose to 17°. The mixture was again 
cooled, and a solution of sulphuric acid (84 g.) in water (440 ml.) 
was added slowly (temperature -3° to -10°). The separated aqueous 
layer was washed with ether and the ethereal washings were combined 
with the main ether layer. After washing these with dilute aqueous 
sodium bicarbonate solution and then with water and drying over 
sodium sulphate, the ether was distilled off using a 9” Vigreux 
column. The residue, on distillation at reduced pressure in the
c) Using aluminium lithium hydride (reverse addition).
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same column gave a colourless distillate (199 ) b.p. 57°/21o5 mm„-
60°/22#5 mm.? n^l.4408. A colourless oil.y residue (l9«5 § » ) remained..
The g.l.c, analysis of the main distillate is given in Figure 21. 
Fractional distillation of impure Trans-3~Methylpent~3-en-2-ol.
By combining the crude product from experiment (c) above with 
other samples of the carbinol of similar composition a quantity of the 
material was obtained? and this (274 g.$ n^p 1.4394) was subjected 
to careful fractional distillation at controlled? reduced pressure 
using a vacuum-jacketed, column 56 cm. X 2.3 cm. dia. packed with Fenske 
helices. The details of this are given below in tabular form. Analyses 
are based on g.l.c. results,, those of fractions 12 and 14 being given 
in Figure 22.
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act IlGIi Boiling Range Weight
(g7)
25
nD Colour
Purity
*
1 47-57°/31 mm,. 10,95 1.4370 Rale yellow -
2 57°/31-'-60°/29 mra- 20.5 1.4435 Pale yellow ■ -
3 62.5~64°/30 mm. 19.15 1.4392 Pale yellow -
4 64o5°/30.5™65°/3i mm. 18.85 1.4385 Pale yellow 77
5 65°/31-6lo6°/26 mm. 20.65 1.4386 Very pale 80.4
6 6206^27-63.5°/28.5 mm. 19,8 . 1.4388 Very pale 83.1
7 63.7°/28.5-62.5°/26.5 mm. 20.45 1.4392 Colourless 81.5
8 64»5°/29 mm. 20.35 1.4393 Colourless 87.2
.9 64.9°/30-65.5°/30.5 mm, 19.95 1.4394- Colourless 89.6
10 6l.3°/25-62.8°/26 mm. 20.9 1.4397 Colourless 92.2
11 62.4°/25.5“62.9°/26 mm. 19.9 1.4398 Colourless 94.0
12 62.9°/26 mm. 14.9 1.4399 Colourless 96.7
13 64°/27.5-64.8°/28 mm. 12.6 1.4400 Colourless 97.5
14 65.2°/29.5 mm. 9.25 1.4399 Colourless 98.5
Residue - 21.35 — _
The purified trans-3-methylpent-3~en-2-ol (Fraction 14) was 
used in the subsequent hydrogenation studies. Reported properties of 
this carbinol are/b .p. 84~6°/88 mm., n ^ ° ^1.4428 (29) and 
boP. 140.5-141°, 1.4376 (30). It (Founds C,71.6§ H 12.25. Calc,
for C^iL^Os C?71»95f 12.1$) yielded 192-dimethyl-but-2-enyl-N-
naphthylcarbamate which separated from petroleum ether(b.p. 40-60°)
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as colourless crystals m.p. 74-5° (Founds C,75.7$ H, 7.0? N, 5.3. Calc.
for C17H191F02 s C,75.85 H, 7.1} N, 5.2$).(Lit., m.p. 75-5-76° (30)).
Hydrogenation of Trans-3~methylpent~3~en~2-ol.
A Baskerville and Lindsay Pressure Hydrogenator of total internal
capacity 623 ml. and fitted with a magnetically operated stirrer was
charged with a solution of trans-3-methylpent-3-en-2-ol (3 g. of Fraction
14) in ether (100 ml.) and Raney Hickel catalyst (0.5 g.) and then
re-assembled. After flushing the apparatus twice with hydrogen at
50 atm. pressure,hydrogen was admitted to a pressure of 97 atm. and
the stirrer and heaters were switched on.Hydrogenation was allowed to
proceed for 6 hours(maximum temperature and pressure 34° and 97 atm.
respectively) and then the stirrer was switched off. After standing
overnight, the vessel was vented, and the contents filtered from the
catalyst.. The ether was distilled off and the diastereoisomeric mixture
of 3-methylpentan-2-ols remaining was distilled at reduced pressure to
0 25
give a colourless distillate (2.94 g.) "b.p. 67-68.5 /66 mm., n^ 1.4172.
A repeat experiment using the same quantities of starting materials 
and similar conditions (6 hours stirring^ maximum temperature 35°, and 
pressure, 83 atm.) yielded a mixture of diastereoisomers (2.84 g.) 
b.p. 66-68°/65 mm., n^5 1.4168 (Lit., b.p. 75.4-75.8°/70 mm. and 
73.0-74.0°/70 mm., n P  1.4179 and 1.4180 (26)jb.p, 72.5~74°/69 mm.,
1.4180 (25)). (Pounds C,70.1; H, 13.9. Calc, for CgH^Os C, 70.5§
H, 13,8$). The g.l.c. analyses of the above diastereoisomeric mixtures 
are given in Figures 23, 24 and 25.
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Preparation of 3-Methylpentan-2~one,
To a solution of 3-methylpentan-2-ol (8 g.) in acetic acid (70 ml.) 
heated to 80° and stirred, was added slowly chromic anhydride (9*6 g*)»
The temperature was maintained at 80-86° and the addition took 27 minutes. 
After stirring at 70-80° for a further 40 minutes, the mixture was poured
into water (125 ml.) and the product was extracted with light petroleum.
The ether solution was washed with dilute aqueous sodium bicarbonate 
solution, then with water and dried over sodium sulphate.
After removing the solvent, the residual ketone distilled at 116-
o 25118 . It formed a very pale yellow liquid (2.05 g.), n^ 1.4000 (Lit,,
o 25
b.p. 115-117 , 1,3993 (25)) which yielded a semicarbazone separating
from aqueous methanol as colourless crystals m.p. 97-8° (Lit., 95-6° 
and 97-8° (28)(3l)). (Founds C, 53.55 H, 9.65 N, 26.9. Calc, for
C y L ^ O  s C, 53.45? H, 9.65 H, 26.75$) •
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